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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent migration of 
copper in a copper wiring from an interface between a 
barrier metal layer and a nitride layer to an interlayer 
insulating film and thus to prevent the occurrence of a 
leak current and a short circuit between neighboring 
wirings, by simply covering the upper surface of the 
copper wiring formed in a wiring trench via a barrier 
metal layer with a nitride film. 

SOLUTION: A semiconductor device having a wiring 24 
formed in a recessed portion (wiring trench) 22 formed in : 0 
an interlayer insulating film 21 has a first barrier layer 23 
covering the wiring 24 from under the wiring 24, and a 
second barrier layer 25 covering the wiring 24 from over 
the wiring 24, wherein the first barrier layer 23 overlaps 
the second barrier layer 25. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by having the 1st barrier layer which covers 
the wiring concerned from the lower part side of said wiring, and the 2nd barrier layer which 
covers the wiring concerned from the upper part side of said wiring, and for said 1 st barrier layer 
and said 2nd barrier layers overlapping, and covering said wiring in the semiconductor device 
which equipped with wiring the interior of the crevice formed in the interlayer insulation film. 
[Claim 2] The overlapping parts of said 1st barrier layer and said 2nd barrier layer are 
semiconductor devices according to claim 1 characterized by what is prepared in the flank of 
said wiring. 

[Claim 3] The overlapping parts of said 1st barrier layer and said 2nd barrier layer are 
semiconductor devices according to claim 1 characterized by being prepared in the top section 
of said wiring. 

[Claim 4] Said crevice is a semiconductor device according to claim 1 characterized by 
consisting of a slot, a connection hole, or a connection hole formed in the pars basilaris ossis 
occipitalis of a slot and this slot. 

[Claim 5] The process which forms wiring in the interior of said crevice by embedding a 
conductor while forming the 1st barrier layer in the inside of said crevice after forming a crevice 
in an insulator layer, The process which said insulator layer around said wiring is removed 
[ process ], and makes said wiring and said 1st barrier layer project from said insulator layer 
front face, The manufacture approach of the semiconductor device characterized by having the 
process which overlaps said 1st barrier layer by the flank of said wiring with a wrap in the upper 
part side of said wiring, and forms the barrier layer of a wrap 2nd for said wiring with said 1st 
barrier layer. 

[Claim 6] The manufacture approach of the semiconductor device according to claim 5 
characterized by performing even the process which forms said 2nd barrier layer from the 
process which removes said insulator layer around said wiring by the non-oxidizing atmosphere. 
[Claim 7] Said crevice is the manufacture approach of the semiconductor device according to 
claim 5 characterized by being formed with a slot, a connection hole, or the connection hole 
formed in the pars basilaris ossis occipitalis of a slot and this slot. 

[Claim 8] The process which forms wiring in the interior of said crevice by embedding a 
conductor while forming the 1st barrier layer in the inside of said crevice after forming a crevice 
in an insulator layer, The manufacture approach of the semiconductor device characterized by 
having the process which removes said insulator layer near the top section of said 1st barrier 
layer, and forms a slot, and the process which forms the 2nd barrier layer in the condition of 
embedding said slot for the upper part side of said wiring with a wrap. 
[Claim 9] The manufacture approach of the semiconductor device according to claim 8 
characterized by performing even the process which forms said 2nd barrier layer from the 
process which removes said insulator layer around said wiring by the non-oxidizing atmosphere. 
[Claim 10] Said crevice is the manufacture approach of the semiconductor device according to 
claim 8 characterized by being formed with a slot, a connection hole, or the connection hole 
formed in the pars basilaris ossis occipitalis of a slot and this slot. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejue?u=http%3A%2F%2Fwww4.ipdl.... 2004/12/01 



2/2^— v 

rl I- 

[Claim 1 1] The process which forms wiring in the interior of said crevice by embedding a 
conductor while forming the 1st barrier layer in the inside of said crevice after forming a crevice 
in an insulator layer, The process which removes the upper part of said wiring so that it may 
become lower than said insulator layer front face, The manufacture approach of the 
semiconductor device characterized by having the process which overlaps said 1 st barrier layer 
in the top section of said wiring with a wrap in the upper part side of said wiring, and forms the 
barrier layer of a wrap 2nd for said wiring with said 1st barrier layer. 

[Claim 12] The manufacture approach of the semiconductor device according to claim 11 
.characterized by performing even the process which forms said 2nd barrier layer from the 
process which removes the upper part of said wiring by the non-oxidizing atmosphere. 
[Claim 13] Said crevice is the manufacture approach of the semiconductor device according to 
claim 1 1 characterized by being formed with a slot, a connection hole, or the connection hole 
formed in the pars basilaris ossis occipitalis of a slot and this slot. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which used copper or 
a copper alloy for the conductor, and its manufacture approach in detail about a semiconductor 
device and its manufacture approach. 
[0002] 

[Description of the Prior Art] Contraction-ization of detailed-izing of wiring and a wiring pitch is 
needed with detailed-izing of a semiconductor device. Moreover, the reduction in the dielectric 
constant of an interlayer insulation film and low resistance-ization of wiring have been needed 
for coincidence with the demand of low-power-izing, improvement in the speed, etc. In the logic 
device, since a resistance rise especially according to detailed wiring and the increment in wiring 
capacity lead to the fall of the working speed of a device, the multilayer interconnection using an 
interlayer insulation film made detailed is needed in the low dielectric constant film. 
[0003] It has caused increase of the number of processes at the same time contraction-ization 
of detailed-izing of wiring width efface and a pitch enlarges the aspect ratio of spacing during 
wiring (Rhine - and tooth-space part of - tooth space), and a burden is placed on the technique 
which forms long and slender detailed wiring perpendicularly as a result, the technique which 
embeds between detailed wiring with an interlayer insulation film and it not only enlarges the 
aspect ratio of the wiring [ itself ], but it complicates a process. 

[0004] It is possible for it not to be necessary to embed a connection hole (for example, beer 
hall) and a wiring gutter by reflow sputtering of metals (aluminum, copper, etc.) or plating at 
coincidence, and for forming metal wiring of a high aspect ratio by etching hot to embed **** 
during wiring with an interlayer insulation film in the DAMASHIN process which grinds a surface 
metal by chemical mechanical polishing (it is called Following CMP), either, and to reduce the 
number of processes sharply. This process comes to contribute to reduction of the total 
manufacturing cost greatly, so that the aspect ratio of wiring becomes high and a wiring total 
increases. 

[0005] Conventionally, in wiring of LSI, although aluminum and an aluminium alloy have been used 
for the electrical conducting material, in order to attain improvement in the speed and low- 
power-ization with improvement in the degree of integration of a semiconductor integrated 
circuit in recent years, a copper alloy has come to be used for an electrical conducting material, 
moreover, DAMASHIN embedding the wiring material which the manufacture approach of using 
copper for a wiring material does not make an insulator layer cover after processing a wiring 
material by the conventional etching, but it forms the slot and hole for embedding a conductor at 
the part after forming an insulator layer previously, and consists of a conductor into it — law is 
developed. 

[0006] Next, the production process of drawing 10 explains the formation approach of wiring by 
the DAMASHIN method. 

[0007] As shown in (1) of drawing 10 , the 2nd insulating layer 1 12 is formed on the 1st insulating 
layer 111. Even if formed by insulating material which is different in the 1 st insulating layer 1 1 1 
and 2nd insulating layer 112, it may be formed by the same insulating material. 
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[0008] Next, as shown in (2) of drawing 10 , the slot 1 13 for forming wiring or an electrode in the 
2nd insulating layer 1 12 is formed with a usual lithography technique and a usual etching 
technique. 

[0009] Then, as shown in (3) of drawing 10 , the barrier metal layer 1 14 is formed in the inside of 
this above-mentioned slot 1 1 3, and copper is further embedded as a conductor, then, the barrier 
metal layer 114 and copper which it began to see from the slot 113 — chemical mechanical 
polishing (CMP [ say / Following CMP ] is the abbreviation for Chemical Mechanical Polishing) — 
by law, it removes and flattening of the front face is carried out. Thus, the wiring 1 15 which 
consists of copper through the barrier metal layer 1 14 is formed in the interior of a slot 113. In 
this drawing, the barrier metal layer 1 14 is for preventing the diffusion (migration) to the 1st 
insulating layer 1 1 1 and 2nd insulating layer 1 12, and, as for current, a tantalum, an tantalum 
. compound, or a tantalum alloy is used in many cases. Titanium, the titanium alloy, the tungsten, 
etc. are used with other ingredients. 

[0010] Then, as shown in (4) of drawing 10 f a nitride (for example, silicon nitride film) 1 16 is 
formed on the 2nd insulating layer 1 12 so that the upper part of wiring 1 15 may be covered. This 
nitride 116 is for preventing the diffusion to the upper part of the copper under wiring 1 1 5. 
[001 1] the slot which embeds the upper wiring for a connection hole with lower layer wiring 
although above-mentioned drawing 10 showed the case where the wiring 1 15 which consists of 
copper was formed all over a slot 1 13, simultaneously dual DAMASHIN which forms and embeds 
a conductor at the slot and connection hole at coincidence — it has the configuration with same 
barrier metal layer formed in Mizouchi and nitride formed on wiring also by law. 
[0012] On the other hand, the trouble for using copper as an electrical conducting material is 
pointed out. That is, like aluminum, since copper is not various ingredients and the ingredient 
which forms an oxide easily, it moves easily in the inside of an interlayer insulation film and the 
insulator layer between wiring (diffusion). Therefore, in a semiconductor device, in order to 
realize copper wiring, the so-called formation of the barrier layer which prevents migration of 
copper becomes an indispensable technique. Therefore, it is necessary to prevent migration of 
copper certainly by the barrier layer. 
[0013] 

[Problem(s) to be Solved by the Invention] however, with the wiring structure explained by the 
Prior art Since there are few touch areas of the barrier metal layer formed in the inside of a 
wiring gutter and the nitride formed in the top face of copper wiring and the top face of copper 
wiring and the contact surface of a barrier metal layer and a nitride exist on the same flat 
surface mostly, For example, when a barrier metal layer and a nitride are removed by the stress 
of copper wiring, by it, the copper of copper wiring will move in the direction of the silicon oxide 
film from the interface of a barrier metal layer and a nitride. It is because it is the matter which 
copper tends [ very ] to move. It becomes the cause of leakage current, and that will cause a 
short circuit with adjoining copper wiring, when the worst. 

[0014] Moreover, it is reported that the surface diffusion of copper of the interface and the 
various ingredients with which the laminating of two kinds of ingredients was carried out is very 
large. For example, in 1998 International Conference on SolidState Devices and Materials, 
S.U.Kim and others has reported the anomalous diffusion by which induction was carried out to 
the defect at the time of processing by the interface of BCB and a silicon nitride film. Thereby, 
in copper wiring, only thermal diffusion was understood that just minding is inadequate. 
[0015] 

[Means for Solving the Problem] This inventions are the semiconductor device made in order to 
solve the above-mentioned technical problem, and its manufacture approach. 
[0016] In the semiconductor device which equipped with wiring the interior of the crevice which 
formed the semiconductor device in the interlayer insulation film, it has the 1st barrier layer 
which covers the wiring concerned from the lower part side of wiring, and the 2nd barrier layer 
which covers the wiring concerned from the upper part side of wiring, the 1st barrier layer and 
the 2nd barrier layers overlap, and wiring is covered. 

[0017] The 1st barrier layer which covers the wiring concerned with the above-mentioned 
semiconductor device from the lower part side of wiring, Since it has the 2nd barrier layer which 
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covers the wiring concerned, the 1 st barrier layer and the 2nd barrier layers overlap and wiring is 
covered from the upper part side of wiring, even if the stress of wiring is added to the 1st barrier 
layer and the 2nd barrier layer When the 1st barrier layer and the 2nd barrier layers overlap, 
even if one of barrier layers shift, the 1st barrier layer and the 2nd barrier layer hold contact in 
overlapping parts. That is, when the 1st barrier layer and the 2nd barrier layers overlap, a barrier 
layer comrade's adhesion force is strengthened. Therefore, the 1st barrier layer and the 2nd 
barrier layer separate, and the metal which constitutes wiring from the meantime does not move 
outside (or diffusion). Therefore, even if wiring is formed with copper or a copper alloy and the 
interlayer insulation film of silicon oxide is formed in the perimeter of wiring, the copper under 
wiring, for example, the ionized copper, does not move into an interlayer insulation film. 
[0018] The process which forms wiring in the interior of a crevice by embedding a conductor 
while the manufacture approach of the 1st semiconductor device forms the 1st barrier layer in 
the inside of this crevice, after forming a crevice in an insulator layer, It is the manufacture 
approach equipped with the process which the insulator layer around wiring is removed 
[ process ] and makes wiring and the 1st barrier layer project from an insulator layer front face, 
and the process which overlaps the 1st barrier layer by the flank of wiring with a wrap in the 
upper part side of wiring, and forms the barrier layer of a wrap 2nd for wiring with the 1st barrier 
layer. 

[0019] The process which forms wiring in the interior of a crevice by embedding a conductor 
while forming the 1st barrier layer in the inside of the crevice formed in the insulator layer by the 
manufacture approach of the 1st semiconductor device of the above, The process which the 
insulator layer around wiring is removed [ process ] and makes wiring and the 1st barrier layer 
project from an insulator layer front face, Since it has the process which overlaps the 1st barrier 
layer by the flank of wiring with a wrap in the upper part side of wiring, and forms the barrier 
layer of a wrap 2nd for wiring with the 1st barrier layer, wiring is covered with the 1st barrier 
layer and the 2nd barrier layer. 

[0020] Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd barrier 
layer and one of barrier layers shift when the 1st barrier layer and the 2nd barrier layers overlap, 
contact in the 1st barrier layer and the 2nd barrier layer. will be maintained in overlapping parts. 
That is, a barrier layer comrade's adhesion force is strengthened by forming so that the 1st 
barrier layer and the 2nd barrier layer may be overlapped. Therefore, since the 1st barrier layer 
and the 2nd barrier layer do not separate, the metal which a clearance opens in the meantime 
and constitutes wiring does not move outside (or diffusion). Therefore, even if it forms wiring 
with copper or a copper alloy, the copper under wiring does not move into an insulator layer. 
[0021] The process which forms wiring in the interior of a crevice by embedding a conductor 
while the manufacture approach of the 2nd semiconductor device forms the 1st barrier layer in 
the inside of this crevice, after forming a crevice in an insulator layer, It is the manufacture 
approach equipped with the process which removes the insulator layer near the top section of 
the 1st barrier layer, and forms a slot, and the process which forms the 2nd barrier layer in the 
condition of embedding a slot for the upper part side of wiring with a wrap. 
[0022] The process which forms wiring in the interior of a crevice by embedding a conductor 
while forming the 1st barrier layer in the inside of the crevice formed in the insulator layer by the 
manufacture approach of the 2nd semiconductor device of the above, Since it has the process 
which removes the insulator layer near the top section of the 1st barrier layer, and forms a slot, 
and the process which forms the 2nd barrier layer in the condition of embedding a slot for the 
upper part side of wiring with a wrap, wiring is covered with the 1st barrier layer and the 2nd 
barrier layer. 

[0023] Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd barrier 
layer and one of barrier layers shift when the 1st barrier layer and the 2nd barrier layers overlap, 
contact in the 1st barrier layer and the 2nd barrier layer will be maintained in overlapping parts. 
That is, it is because a barrier layer comrade's adhesion force is strengthened by forming so that 
the 1st barrier layer and the 2nd barrier layer may be overlapped. Therefore, since the 1st 
barrier layer and the 2nd barrier layer do not separate, the metal which a clearance opens in the 
meantime and constitutes wiring does not move outside (or diffusion). Therefore, even if it forms 
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wiring with copper or a copper alloy, the copper under wiring does not move into an insulator 
layer. ' 

[0024] The process which forms wiring in the interior of a crevice by embedding a conductor 
while the manufacture approach of the 3rd semiconductor device forms the 1st barrier layer in 
the inside of this crevice, after forming a crevice in an insulator layer, It is the manufacture 
approach equipped with the process which removes the upper part of wiring so that it may 
become lower than an insulator layer front face, and the process which overlaps the 1st barrier 
layer in the top section of wiring with a wrap in the upper part side of wiring, and forms the 
barrier layer of a wrap 2nd for wiring with the 1st barrier layer. 

[0025] The process which forms wiring in the interior of a crevice by embedding a conductor 
while forming the 1st barrier layer in the inside of the crevice formed in the insulator layer by the 
manufacture approach of the 3rd semiconductor device of the above, From having the process 
which removes the upper part of wiring so that it may become lower than an insulator layer front 
face, and the process which overlaps the 1st barrier layer in the top section of wiring with a 
wrap in the upper part side of wiring, and forms the barrier layer of a wrap 2nd for wiring with the 
1st barrier layer Wiring is covered with the 1st barrier layer and the 2nd barrier layer. 
[0026] Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd barrier 
layer and one of barrier layers shift when the 1st barrier layer and the 2nd barrier layers overlap, 
contact in the 1st barrier layer and the 2nd barrier layer will be maintained in overlapping parts. 
That is, it is because a barrier layer comrade's adhesion force is strengthened by forming so that 
the 1st barrier layer and the 2nd barrier layer may be overlapped. Therefore, since the 1st 
barrier layer and the 2nd barrier layer do not separate, the metal which a clearance opens in the 
meantime and constitutes wiring does not move outside (or diffusion). Therefore, even if it forms 
wiring with copper or a copper alloy, the copper under wiring does not move into an insulator 
layer. 
[0027] 

[Embodiment of the Invention] The outline configuration sectional view of drawing 1 explains the 
gestalt of the 1st operation concerning the semiconductor device of this invention. 
[0028] As shown in drawin g 1 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon oxide. It is formed in this wiring 
gutter 22 at the condition that wiring 24 projects from the top face of the above-mentioned 
interlayer insulation film 21 through the 1st barrier layer 23. Thus, the 1st barrier layer 23 has 
covered the above-mentioned wiring 24 from the lower part side. The 1st barrier layer 23 is 
formed by tantalum nitride or the tantalum as an ingredient which has barrier property to a 
copper atom and a copper ion. The above-mentioned wiring 24 is formed with copper or a copper 
alloy. 

[0029] The 2nd barrier layer 25 which furthermore covers the above-mentioned wiring 24 from 
an upper part side is formed in the condition of overlapping the barrier layer 23 of the above 1st 
by the flank (side face) of the above-mentioned wiring 24. This 2nd barrier layer 25 is formed 
with silicon nitride as an ingredient which has barrier property to a copper atom and a copper 
ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 
[0030] In addition, although it does not carry out illustration, the above-mentioned interlayer 
insulation film 21 may cover semiconductor devices, such as a transistor, capacity, and 
resistance, and wiring which were formed, for example on the semi-conductor substrate, may be 
a thing for flattening, or may cover a wiring layer. That is, it is the interlayer insulation film used 
for the usual semiconductor device. 

[0031] The 1st barrier layer 23 which covers this wiring 24 with the gestalt of implementation of 
the above 1st from the lower part side of wiring 24, It has the 2nd barrier layer 25 which covers 
this wiring 24 from the upper part side of the above-mentioned wiring 24. Since the 1st barrier 
layer 23 and the 2nd barrier layers 25 overlap by the flank of wiring 24 and wiring 24 is covered, 
even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd barrier layer 25 
When the 1 st barrier layer 23 and the 2nd barrier layers 25 overlap, even if one of barrier layers 
(for example, 2nd barrier layer 25) shift, the 1st barrier layer 23 and the 2nd barrier layer 25 hold 
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[0032] That is, when the 1st barrier layer 23 and the 2nd barrier layers 25 overlap, a barrier layer 
comrade's adhesion force is strengthened. Therefore, the 1st barrier layer 23 and the 2nd barrier 
layer 25 separate, and the metal which constitutes wiring 24 from the meantime does not move 
in the exterior of an interlayer insulation film 21, i.e., the direction, (or diffusion). That is, even if 
the stress of wiring 24 works, the condition of having covered wiring 24 with the 1st barrier layer 

23 and the 2nd barrier layer 25 does not change. Therefore, the copper which constitutes wiring 

24 ionizes, for example, and does not move into the interlayer insulation film 21 around wiring 24. 

[0033] Next, the outline configuration sectional view of drawing 2 explains the gestalt of the 2nd 
operation concerning the semiconductor device of this invention. In addition, the same sign is 
given to the same component part as said drawing 1 in drawing 2 . 

[0034] As shown in drawin g 2 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon oxide. Wiring 24 is formed in this 
wiring gutter 22 through the 1st barrier layer 23. Thus, the 1st barrier layer 23 has covered the 
above-mentioned wiring 24 from the lower part side. The 1st barrier layer 23 is formed by 
tantalum nitride or the tantalum as an ingredient which has barrier property to a copper atom 
and a copper ion. The above-mentioned wiring 24 is formed with copper or a copper alloy. 
[0035] The 2nd barrier layer 25 is formed so that a slot 26 may furthermore be formed in the 
interlayer insulation film 21 of the top section of the barrier layer 23 of the above 1st and the 
slot 26 may be embedded, and so that the above-mentioned wiring 24 may be covered from an 
upper part side. Thus, since the 2nd barrier layer 25 is formed, the 2nd barrier layer 25 is in the 
condition of overlapping the barrier layer 23 of the above 1st by the flank (side face) of the 
above-mentioned wiring 24. This 2nd barrier layer 25 is formed with silicon nitride as an 
ingredient which has barrier property to a copper atom and a copper ion. Or it is also possible to 
form by carbonization silicon, the tantalum, the tantalum alloy, tantalum nitride, etc. Thus, wiring 
24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 

[0036] Since the 1st barrier layer 23 and the 2nd barrier layer 25 have covered wiring 24 with 
the gestalt of implementation of the above 2nd in the condition that the 1st barrier layer 23 and 
the 2nd barrier layers 25 overlap by the flank of wiring 24 It can prevent that the copper which 
constitutes wiring 24 ionizes the gestalt of said 1st operation, for example, and moves it into the 
interlayer insulation film 21 around wiring 24 similarly in the 1st barrier layer 23 and the 2nd 
barrier layer 25. 

[0037] Next, the outline configuration sectional view of drawin g 3 explains the gestalt of the 3rd 
operation concerning the semiconductor device of this invention. In addition, the same sign is 
given to the same component part as said drawing 1 in drawing 3 . 

[0038] As shown in drawing 3 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon oxide. Wiring 24 is formed in this 
wiring gutter 22 through the 1st barrier layer 23. Thus, the 1st barrier layer 23 has covered the 
above-mentioned wiring 24 from the lower part side. The 1st barrier layer 23 is formed by 
tantalum nitride or the tantalum as an ingredient which has barrier property to a copper atom 
and a copper ion. The above-mentioned wiring 24 is formed with copper or a copper alloy. 
[0039] The 2nd barrier layer 27 is formed so that a slot 26 may furthermore be formed in the 
interlayer insulation film 21 near the top section of the barrier layer 23 of the above 1st and the 
slot 26 may be embedded, and so that the above-mentioned wiring 24 may be covered from an 
upper part side. Thus, since the 2nd barrier layer 27 is formed, the 2nd barrier layer 27 is in the 
condition of overlapping the barrier layer 23 of the above 1st by the flank (side face) of the 
above-mentioned wiring 24. This 2nd barrier layer 27 is formed by low dielectric constant organic 
film like for example, the aryl ether as an ingredient which has barrier property to a copper atom 
and a copper ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier 
layer 27. 

[0040] In addition, the low dielectric constant organic film can be used for the barrier layer of the 
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above 2nd because the diffusion coefficient of the copper to the low dielectric constant organic 
film is'small. 

[0041] Since the 1st barrier layer 23 and the 2nd barrier layer 27 have covered wiring 24 with 
the gestalt of implementation of the above 3rd in the condition that the 1st barrier layer 23 and 
the 2nd barrier layers 27 overlap by the flank of wiring 24 It can prevent that the copper which 
constitutes wiring 24 ionizes the gestalt of said 1st operation, for example, and moves it into the 
interlayer insulation film 21 around wiring 24 similarly in the 1st barrier layer 23 and the 2nd 
barrier layer 27. Moreover, the 2nd barrier layer 27 can be used as an interlayer insulation film 
during wiring with wiring 24 and wiring (not shown) formed in the upper part. 

[0042] Next, the outline configuration sectional view of drawing 4 explains the gestalt of the 4th 
operation concerning the semiconductor device of this invention. In addition, the same sign is 
given to the same component part as said drawing 1 in drawing 4 . 

[0043] As shown in drawing 4 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon oxide. The 1st barrier layer 23 is 
formed in the wall (a pars basilaris ossis occipitalis is also included) of this wiring gutter 22. The 
barrier layer 23 of the above 1st is formed by tantalum nitride or the tantalum as an ingredient 
which has barrier property to a copper atom and a copper ion. Furthermore, it is formed in the 
above-mentioned wiring gutter 22 at the condition of having dented wiring 24 from the top face 
of the above-mentioned interlayer insulation film 21 through the barrier layer 23 of the above 
1 st. This wiring 24 is formed with copper or a copper alloy. 

[0044] Therefore, the barrier layer 23 of the above 1st is formed also on the side of the above- 
mentioned wiring 24 in the above-mentioned wiring gutter 22, and the lower part side of the 
above-mentioned wiring 24 is covered with the 1st barrier layer 23. 

[0045] The 2nd barrier layer 25 which furthermore covers the above-mentioned wiring 24 from 
an upper part side is formed in the condition of overlapping by the barrier layer 23 of the above 
1st, and the side attachment wall of the above-mentioned wiring gutter 22. This 2nd barrier layer 
25 is formed with silicon nitride as an ingredient which has barrier property to a copper atom and 
a copper ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 

[0046] In addition, although it does not carry out illustration, the above-mentioned interlayer 
insulation film 21 may cover semiconductor devices, such as a transistor, capacity, and 
resistance, and wiring which were formed, for example on the semi-conductor substrate, may be 
a thing for flattening, or may cover a wiring layer. That is, it is the interlayer insulation film used , 
for the usual semiconductor device. 

[0047] The 1st barrier layer 23 which covers this wiring 24 with the gestalt of implementation of 
the above 4th from the lower part side of wiring 24, It has the 2nd barrier layer 25 which covers 
this wiring 24 from the upper part side of the above-mentioned wiring 24. Since the 1st barrier 
layer 23 and the 2nd barrier layers 25 overlap by the flank of a wiring gutter 22 and wiring 24 is 
covered, even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd barrier 
layer 25 When the 1st barrier layer 23 and the 2nd barrier layers 25 overlap, even if one of 
barrier layers (for example, 2nd barrier layer 25) shift, contact in the 1st barrier layer 23 and the 
2nd barrier layer 25 will be held in overlapping parts. 

[0048] That is, when the 1st barrier layer 23 and the 2nd barrier layers 25 overlap, a barrier layer 
comrade's adhesion force is strengthened. Therefore, the 1st barrier layer 23 and the 2nd barrier 
layer 25 separate, and the metal which constitutes wiring 24 from the meantime does not move 
in the exterior of an interlayer insulation film 21, i.e., the direction, (or diffusion). That is, even if 
the stress of wiring 24 works, the condition of having covered wiring 24 with the 1st barrier layer 

23 and the 2nd barrier layer 25 does not change. Therefore, the copper which constitutes wiring 

24 ionizes, for example, and does not move into the interlayer insulation film 21 around wiring 24. 

[0049] Next, the production process Fig. of drawing 5 explains the gestalt of the operation 
concerning the 1st manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
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device explained by said drawing 1 , and was shown by said drawing 1 , and the same 
components in drawing 5 . 

[0050] As shown in (1) of drawing 5 , semiconductor devices (for example, a transistor, capacity, 
resistance, etc.) are formed in a semi-conductor substrate (illustration abbreviation), and lower 
layer wiring, a circuit pattern, etc. are further formed in it. On such a semi-conductor substrate, 
the wrap insulator layer 1 1 is formed in those components, wiring, etc. An interlayer insulation 
film 21 is formed on the insulator layer 11. This interlayer insulation film 21 is formed by the 
cascade screen of low dielectric constant organic film, such as for example, the aryl ether, and 
the silicon oxide film. Or it forms by the so-called low dielectric constant film, such as a cascade 
screen of the fluororesin film and the silicon oxide film, fluorine oxide-ized silicon film, organic 
SOG film, and inorganic SOG film. It is required for a design rule to contain the low dielectric 
constant film with the device after 0.1 3-micrometer generation especially. 

[0051] then, DAMASHIN generally known — after forming a crevice (it explains as a wiring gutter 
hereafter) 22 in an interlayer insulation film 21, the 1st barrier layer 23 is formed in the inside of 
a wiring gutter 22 by tantalum nitride or the tantalum by law as an ingredient which has barrier 
property to a copper atom and a copper ion. Furthermore, after forming a copper seed layer in 
the inside of a wiring gutter 22 through the 1st barrier layer 23, the interior of a wiring gutter 22 
is embedded with a conductor (for example, copper) by the electrolysis galvanizing method etc. 
Then, for example by CMP, the excessive copper on an interlayer insulation film 21 and the 1st 
barrier layer 23 are removed, and the wiring 24 which becomes the interior of a wiring gutter 22 
from copper through the 1 st barrier layer 23 is formed. 

[0052] Next, etching removes the interlayer insulation film 21 around wiring 24, and wiring 24 and 
the 1st barrier layer 23 are made to project from the front face of an interlayer insulation film 21, 
as shown in (2) of drawing 5 . Therefore, the 1 st barrier layer 23 is in the condition of having 
covered the above-mentioned wiring 24 from the lower part side. 

[0053] By the above-mentioned etching, when an interlayer insulation film 21 is silicon oxide film, 
wet etching removes here [ the fluoric acid water solution and here ] whose concentration is 
0.1% - 1.0%, using 0.5% of fluoric acid water solution as an example. In addition, since an etching 
rate becomes late in the wet etching using the fluoric acid water solution of less than 0.1% of 
concentration, it is not practical, and since a metal part will also be etched in the wet etching 
using the fluoric acid water solution exceeding 1.0%, it is not desirable. Moreover, in the case of 
low dielectric constant organic film like the aryl ether, an interlayer insulation film 21 removes by 
hydrogen plasma etching or nitrogen plasma etching. In addition, since the copper of wiring 24 is 
oxidized and it becomes a defect's cause, it is not desirable to use oxygen plasma etching. 
Moreover, it is desirable to perform from a viewpoint of antioxidizing of wiring 24 to formation of 
the 2nd barrier layer performed to this etching and degree by the non-oxidizing atmosphere. 
Namely, the so-called in situ Processing is desirable. 

[0054] Moreover, it is also possible to perform etching of the above-mentioned interlayer 
insulation film 21 by the dry etching using the gas of a carbon fluoride system. In this case, the 
upper part of the 1st barrier layer 23 may also be etched. In addition, even if the upper part of 
the 1st barrier layer 23 is etched, it is necessary to perform the above-mentioned etching so 
that the amount of laps to the 1st barrier layer 23 of the 2nd barrier layer formed after that can 
fully secure, namely, so that it may leave the 1st barrier layer 23 to height of 30nm or more from 
the front face of the interlayer insulation film 21 after etching. 

[0055] It is desirable to form the height of the level difference of an interlayer insulation film 21 
and the 1 st barrier layer 23 in at least 30nm or more by etching of the above-mentioned 
interlayer insulation film 21. It is because a lap part with the 2nd barrier layer formed behind 
decreases, it becomes difficult to secure sufficient barrier property and it becomes being the 
same as that of the structure of the conventional barrier layer, when the above-mentioned level 
difference is 30nm or less. 

[0056] Next, as shown in (3) of drawing 5 , the 2nd barrier layer 25 is formed on the above- 
mentioned interlayer insulation film 21 so that the above-mentioned wiring 24 may be covered. 
This 2nd barrier layer 25 is formed by insulator layers, such as silicon nitride and hydrogenation 
silicon carbon, as an ingredient which has barrier property to a copper atom and a copper ion. As 
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the manufacture approach, a CVD method is desirable. As the other membrane formation 
approaches, the membrane formation approaches, such as sputtering and a sol gel process, can 
also be used. When forming membranes with a CVD method, it is etching and in situ of the 
above-mentioned interlayer insulation film 21. Processing is desirable, for example, etching using 
the hydrogen plasma after etching the silicon oxide film in a rare fluoric acid water solution — 
about [ 5nm-20nm ] etching — carrying out — after that — continuing — chemical vapor 
growth (CVD [ say / the following and CVD ] is the abbreviation for Chemical Vapour Deposition) 
— the 2nd barrier layer 25 which consists of a silicon nitride film by law is formed. 
[0057] When an interlayer insulation film 21 is organic film, 10nm - about 100nm is etched by 
etching which used the hydrogen plasma or the nitrogen plasma, and the 2nd barrier layer 25 is 
formed with a silicon nitride film with a CVD method after that. As for a silicon nitride film, at 
this time, it is desirable to form in the thickness of 20nm - about 100nm. Barrier property 
sufficient in less than 20nm is not obtained. On the other hand by the thickness exceeding 
100nm, the capacity between wiring becomes large, and it is not desirable. Thus, by etching using 
the hydrogen plasma, the oxide film (copper oxide film) of the front face of wiring 24 is etched, 
the front face of wiring 24 is cleaned to coincidence, and adhesion with the 2nd barrier layer 25 
which consists of a silicon nitride film improves. 

[0058] Moreover, in case the 2nd barrier layer 25 which consists of a silicon nitride film with a 
CVD method is formed, it is desirable to form so that the thickness of the side attachment wall 
of wiring 24 may become thin rather than the thickness on wiring 24. If a silicon nitride film is 
formed between wiring, since the capacity between wiring will rise, it is for controlling the rise of 
the capacity between wiring as much as possible. Therefore, it is good to form membranes in* a 
CVD method, using high density plasma-CVD equipment as a CVD method which has directivity. 
Or it is good to form membranes using parallel monotonous mold plasma-CVD equipment. As the 
membrane formation condition, a step hippo ridge considers as the conditions used as about 30% 
or less. As membrane formation conditions at the time of using parallel monotonous mold 
plasma-CVD equipment, as an example, 1.03kPa(s) and membrane formation temperature are set 
as 400 degrees C, and a process gas ratio is set as about mono-silane [SiH4]:ammonia (NH3) 
=3:1 for the pressure of a membrane formation ambient atmosphere. Furthermore, it is desirable 
to perform plasma treatment which includes either [ at least ] the hydrogen plasma or the 
nitrogen plasma just before CVD. As membrane formation conditions at the time of using high 
density plasma-CVD equipment, as an example, 1Pa or less and membrane formation 
temperature are set as 200 degrees C - 400 degrees C, and a process gas ratio is set as about 
mono-silane [SiH4]:nitrogen (N2) =3:1.5-5 for the pressure of a membrane formation ambient 
atmosphere. 

[0059] If the 2nd barrier layer 25 is formed as mentioned above, the 2nd barrier layer 25 will 
overlap the 1st barrier layer 23 by the flank of wiring 24 with a wrap in the upper part side of 
wiring 24, and will cover wiring 24 with the 1st barrier layer 23. 

[0060] Then, as shown in (4) of drawing 5 , an interlayer insulation film 31 is formed on the 2nd 
barrier layer 25. As for an interlayer insulation film 31, it is desirable to include the low dielectric 
constant film. Although the aryl ether was used in this invention, otherwise, it is possible to use 
organic [ SOG ], inorganic [ SOG ], a fluororesin, xerogel, etc. 

[0061] In addition, although illustration is not carried out, the plug is formed in the location to a 
connection hole and its interior predetermined [ of the above-mentioned insulator layer 11 ]. 
Moreover, in forming wiring 24 by the dual DAMASHIN method, in case a connection hole is 
formed in the position of the above-mentioned insulator layer 1 1 by the dual DAMASHIN method 
and it forms wiring 24, the conductor which forms wiring 24, for example, copper, is embedded, 
and a plug is formed also in the interior of a connection hole. 

[0062] By the 1st manufacture approach explained by above-mentioned drawing 5 After forming 
in the interior of a wiring gutter 22 the wiring 24 which consists of copper through the 1st barrier 
layer 23, the interlayer insulation film 21 around wiring 24 is removed. Wiring 24 and the 1st 
barrier layer 23 are made to project from the front face of an interlayer insulation film 21. Then, 
since the 1st barrier layer 23 is overlapped by the flank of wiring 24 with a wrap in the upper part 
side of wiring 24 and the barrier layer 25 of a wrap 2nd is formed for wiring 24 with the 1st 
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barrier layer 23, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 
[0063] Therefore, even if the stress of wiring 24 is added to the 1 st barrier layer 23 and the 2nd 
barrier layer 25 and one of barrier layers shift when the 1st barrier layer 23 and the 2nd barrier 
layers 25 overlap, contact in the 1st barrier layer 23 and the 2nd barrier layer 25 will be 
maintained in overlapping parts. That is, it is because a barrier layer comrade's adhesion force is 
strengthened by forming so that the 1st barrier layer 23 and the 2nd barrier layer 25 may be 
overlapped. Therefore, since the 1st barrier layer 23 and the 2nd barrier layer 25 do not 
separate, the copper which a clearance opens in the meantime and constitutes wiring 24 does 
not move outside (or diffusion). Therefore, even if it forms wiring 24 with copper (or copper alloy) 
as mentioned above and uses the silicon oxide film for the above-mentioned interlayer insulation 
film 21, the copper under wiring 24, for example, the ionized copper, does not move into an 
interlayer insulation film 21. 

[0064] Moreover, in the manufacture approach of the above 1st, the interlayer insulation film 21 
has a laminated structure of the low dielectric constant organic film and the silicon oxide film. 
The upper part of an interlayer insulation film 21 is formed by the silicon oxide film, and when the 
thickness of the silicon oxide film is 30nm - about 100nm In order to make wiring 24 and the 1st 
barrier layer 23 project, in the process which removes the upper part of an interlayer insulation 
film 21, all the silicon oxide film parts of an interlayer insulation film 21 may be removed. 
[0065] Next, the production process Fig. of drawin g 6 explains the gestalt of the 1st operation 
concerning the 2nd manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
device explained by said drawing 2 , and was shown by said drawing 2 , and the same 
components in drawing 6 . 

[0066] the approach same as shown in (1) of drawing 6 , i.e., DAMASHIN generally known, as (1) 
of said drawing 5 explained — after forming a crevice (it explains as a wiring gutter hereafter) 22 
in an interlayer insulation film 21, the 1st barrier layer 23 is formed in the inside of a wiring 
gutter 22 by tantalum nitride or the tantalum by law as an ingredient which has barrier property 
to a copper atom and a copper ion. Furthermore, after forming a copper seed layer in the inside 
of a wiring gutter 22 through the 1st barrier layer 23, the interior of a wiring gutter 22 is 
embedded with a conductor (for example, copper) by the electrolysis galvanizing method etc. 
Then, for example by CMP, the excessive copper on an interlayer insulation film 21 and the 1st 
barrier layer 23 are removed, and the wiring 24 which becomes the interior of a wiring gutter 22 
from copper through the 1 st barrier layer 23 is formed. 

[0067] Subsequently, as shown in (2) of drawing 6 , an interlayer insulation film 21 is etched. 
Conditions into which the interlayer insulation film 21 in the side periphery of the 1st barrier 
layer 23 is etched in the etching conditions in that case are chosen. In for example, the case of 
the silicon oxide film with which an interlayer insulation film .21 contains 10% - 20% of carbon a 
magnetron mold etching system — using — etching gas — an argon [ trifluoromethane / 
(CHF3) / [a supply flow rate is set for example, to 5sccm(s)] ] — an oxygen (02) [supply flow 
rate is set [ (Ar / [a supply flow rate is set) for example, to 20sccm(s)] ] for example, to 5sccm 
(s) — ] — using — What is necessary is to set the pressure of an etching ambient atmosphere 
as 5Pa, to set impression power as 600W, and just to carry out whole surface etchback of the 
interlayer insulation film 21 as an example. A slot 26 is formed in the interlayer insulation film 21 
near the top section of the barrier layer 23 of the above 1st by carrying out etchback on such 
conditions. 

[0068] Then, as shown in (3) of drawing 6 , the 2nd barrier layer 25 is formed so that the above- 
mentioned slot 26 may be embedded, and so that the above-mentioned wiring 24 may be 
covered from an upper part side. Thus, since the 2nd barrier layer 25 is formed, the 2nd barrier 
layer 25 will be in the condition of overlapping the barrier layer 23 of the above 1st by the flank 
(side face) of the above-mentioned wiring 24. This 2nd barrier layer 25 is formed with silicon 
nitride as an ingredient which has barrier property to a copper atom and a copper ion. Thus, 
wiring 24 is covered with the 1st barrier layer. 23 and the 2nd barrier layer 25. 
[0069] With the gestalt of the 1st operation concerning the 2nd manufacture approach explained 
by above-mentioned drawing 6 Wiring 24 is formed in the interior of the wiring gutter 22 formed 
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in the interlayer insulation film 21 through the 1st barrier layer 23. Subsequently, since the 2nd 
barrier layer 25 is formed in the condition of embedding a slot 26 for the upper part side of wiring 
24 with a wrap after removing the interlayer insulation film 21 near the top section of the 1st 
barrier layer 23 and forming a slot 26, wiring 24 is covered with the 1st barrier layer 23 and the 
2nd barrier layer 25. 

[0070] Therefore, even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd 
barrier layer 25 and one of barrier layers shift when the 1st barrier layer 23 and the 2nd barrier 
layers 25 overlap, contact in the 1st barrier layer 23 and the 2nd barrier layer 25 will be 
maintained in overlapping parts. That is, it is because a barrier layer comrade's adhesion force is 
strengthened by forming so that the 1st barrier layer 23 and the 2nd barrier layer 25 may be 
overlapped. Therefore, since the 1st barrier layer 23 and the 2nd barrier layer 25 do not 
separate, the copper which a clearance opens in the meantime and constitutes wiring 24 does 
not move outside (or diffusion). Therefore, even if it forms wiring 24 with copper (or copper alloy) 
as mentioned above and uses the silicon oxide film for the above-mentioned interlayer insulation 
film 21, 'the copper under wiring 24, for example, the ionized copper, does not move into an 
interlayer insulation film 21. 

[0071] Next, the production process Fig. of drawing 7 explains the gestalt of the 2nd operation 
concerning the 2nd manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
device explained by said drawing 3 , and was shown by said drawing 3 , and the same 
components in drawing 7 . 

[0072] By the same approach, a crevice (it explains as a wiring gutter hereafter) 22 is formed in 
an interlayer insulation film 21, and the wiring 24 which becomes the interior of the wiring gutter 
22 from copper through the 1st barrier layer 23 is formed as (1) of said drawing 6 and (2) 
explained. Subsequently, etchback of the interlayer insulation film 21 is carried out, and a slot 26 
is formed in the interlayer insulation film 21 of the top section of the barrier layer 23 of the 
above 1st. 

[0073] Then, as are shown in drawing 7 , and the above-mentioned wiring 24 is covered from an 
upper part side so that the above-mentioned slot 26 may be embedded and, the 2nd barrier layer 
27 is formed on an interlayer insulation film 21. This 2nd barrier layer 27 is formed by low 
dielectric constant organic film like for example, the aryl ether as an ingredient which has barrier 
property to a copper atom and a copper ion. Thus, the 2nd barrier layer 27 is formed in the 
condition of overlapping the barrier layer 23 of the above 1 st by the flank (side face) of the 
above-mentioned wiring 24. 

[0074] Therefore, the same operation effectiveness as the gestalt of implementation of the 
above 1st is acquired. That is, since wiring 24 is covered with the 1st barrier layer 23 and the 
2nd barrier layer 17 even if it forms wiring 24 with copper (or copper alloy) as mentioned above 
and therefore uses the silicon oxide film for the above-mentioned interlayer insulation film 21, 
the copper under wiring 24, for example, the ionized copper, does not move into an interlayer 
insulation film 21. 

[0075] Next, the production process Fig. of drawing 8 explains the gestalt of the operation 
concerning the 3rd manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
device explained by said drawing 4 , and was shown by said drawing 4 , and the same 
components in drawin g 8 . 

[0076] As shown in (1) of drawing 8 , semiconductor devices (for example, a transistor, capacity, 
resistance, etc.) are formed in a semi-conductor substrate (illustration abbreviation), and lower 
layer wiring, a circuit pattern, etc. are further formed in it. On such a semi-conductor substrate, 
the wrap insulator layer 1 1 is formed in those components, wiring, etc. An interlayer insulation 
film 21 is formed on the insulator layer 11. This interlayer insulation film 21 is formed by the 
cascade screen of organic film, such as for example, the aryl ether, and the silicon oxide film. Or 
it forms by the so-called low dielectric constant film, such as a cascade screen of the 
fluororesin film and the silicon oxide film, fluorine oxide-ized silicon film, organic SOG film, and 
inorganic SOG film. It is required for a design rule to contain the low dielectric constant film with 
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the device after 0.13-micrometer generation especially. 

[0077] then, DAMASHIN generally known — after forming a crevice (it explains as a slot below) 
in an interlayer insulation film 21, the 1st barrier layer 23 is formed in the inside of a wiring 
gutter 22 by tantalum nitride or the tantalum by law as an ingredient which has barrier property 
to a copper atom and a copper ion. Furthermore, after forming a copper seed layer in the inside 
of a wiring gutter 22 through the 1st barrier layer 23, the interior of a wiring gutter 22 is 
embedded with a conductor (for example, copper) by the electrolysis galvanizing method etc. 
Then, for example by CMP, the excessive copper on an interlayer insulation film 21 and the 1st 
barrier layer 23 are removed, and the wiring 24 which becomes the interior of a wiring gutter 22 
from copper through the 1st barrier layer 23 is formed. 

[0078] Next, as shown in (2) of drawing 8 , only the upper part where the top face of wiring 24 
becomes low rather than the front face of an interlayer insulation film 21 and which is wiring 24 
that it will be is etched alternatively. It is desirable to form the height of the level difference of 
wiring 24 and the 1st barrier layer 23 in at least 30nm or more by the above-mentioned etching. 
It is because a lap part with the 2nd barrier layer formed behind decreases, it becomes difficult 
to secure sufficient barrier property and it becomes being the same as that of the structure of 
the conventional barrier layer, when the above-mentioned level difference is 30nm or less. 
[0079] Subsequently, as shown in (3) of drawing 8 , sputter etching or hydrogen plasma etching 
removes the front face of wiring 24 for an oxide film etc. Then, for example by sputtering, the 
2nd barrier layer 25 is formed on an interlayer insulation film 21 so that wiring 24 may be 
covered. The barrier layer 25 of the above 2nd is formed by the tantalum, tantalum nitride, etc. 
as an ingredient which has barrier property to a copper atom and a copper ion. As the other 
membrane formation approaches, it is also possible to use the membrane formation approaches, 
such as a steamy method and a CVD method. 

[0080] In addition, in order not to make the front face of wiring 24 generate an oxide film, it is 
desirable to perform the period until it forms the 2nd barrier layer 25 from the above-mentioned 
sputter etching or hydrogen plasma etching by the non-oxidizing atmosphere. For example, the 
so-called in situ Processing is desirable. For example, by sputter etching, 5nm - about 20nm is - 
etched, and the 2nd barrier layer 25 which consists of tantalum film by sputtering continuously is 
formed after that. As for this tantalum film, it is desirable to form in the thickness of 20nm - 
about 75nm. Barrier property sufficient in less than 20nm is not obtained. On the other hand, by 
the thickness exceeding 75nm, processing will take time amount and wiring resistance will 
become large too much. 

[0081] Then, as shown in (4) of drawing 8 , CMP removes the 2nd barrier layer 25 on an 
interlayer insulation film 21. Consequently, the configuration whose 1st barrier layer 23 and 2nd 
barrier layer 25 overlap in the top section of wiring 24, and cover wiring 24 with the 1st barrier 
layer 23 and the 2nd barrier layer 25 in a wiring gutter 22 is completed. Thus, since the 2nd 
barrier layer 25 on an interlayer insulation film 21 is removed, it becomes possible to form the 
2nd barrier layer 25 by the tantalum nitride and the tantalum of a conductor. 
[0082] Then, although illustration is not carried out, an interlayer insulation film 31 is formed on 
the 2nd barrier layer 25 and an interlayer insulation film 21 like said 1st manufacture approach. 
As for an interlayer insulation film 31, it is desirable to include the low dielectric constant film. . 
Although the aryl ether was used in this invention, otherwise, it is possible to use organic 
[ SOG ], inorganic [ SOG ], a fluororesin, xerogel, etc. 

[0083] In addition, it is also possible to form the barrier layer 25 of the above 2nd by insulator 
layers, such as a silicon nitride film explained by said 1st manufacture approach and 
hydrogenation silicon carbon. The membrane formation approach in that case, membrane 
formation conditions, etc. are the same with having explained by the 1st manufacture approach. 
[0084] Moreover, in the manufacture approach of the above 3rd, although illustration is not 
carried out, the plug is formed in the location to a connection hole and its interior predetermined 
[ of the above-mentioned insulator layer 11]. Moreover, in forming wiring 24 by the dual 
DAMASHIN method, in case a connection hole is formed in the position of the above-mentioned 
insulator layer 1 1 by the dual DAMASHIN method and it forms wiring 24, the conductor which 
forms wiring 24, for example, copper, is embedded, and a plug is formed also in the interior of a 
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connection hole. 

[0085] By the 2nd manufacture approach explained by above-mentioned drawing 8 After forming 
in the interior of a wiring gutter 22 the wiring 24 which consists of copper through the 1st barrier 
layer 23, the upper part of wiring 24 is removed. Make the top face of wiring 24 lower than the 
front face of an interlayer insulation film 21, overlap the 1st barrier layer 23 by the flank of wiring 
24 with a wrap in the upper part side of wiring 24 after that, and wiring 24 from forming the 
barrier layer 25 of a wrap 2nd with the 1st barrier layer 23 Wiring 24 comes to be covered with 
the 1st barrier layer 23 and the 2nd barrier layer 25. 

[0086] Therefore, even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd 
barrier layer 25 and one of barrier layers shift when the 1st barrier layer 23 and the 2nd barrier 
layers 25 overlap, contact in the 1st barrier layer 23 and the 2nd barrier layer 25 will be 
maintained in overlapping parts. That is, it is because a barrier layer comrade's adhesion force is 
strengthened by forming so that the 1st barrier layer 23 and the 2nd barrier layer 25 may be 
overlapped. Therefore, since the 1st barrier layer 23 and the 2nd barrier layer 25 do not 
separate, the copper which a clearance opens in the meantime and constitutes wiring 24 does 
not move outside (or diffusion). Therefore, even if it forms wiring 24 with copper (or copper alloy) 
as mentioned above and uses the silicon oxide film for the above-mentioned interlayer insulation 
film 21, the copper under wiring 24, for example, the ionized copper, does not move into an 
interlayer insulation film 21. 

[0087] In addition, it is also possible to consider as the structure concerning the semiconductor 
device of this invention as shown in drawing 9 as a gestalt of the 5th operation. It is explained 
below. 

[0088] As shown in drawing 9 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. It is formed in 
this wiring gutter 22 at the condition that wiring 24 projects from the top face of the above- 
mentioned interlayer insulation film 21 through the 1st barrier layer 23. And the 1st barrier layer 
23 is formed also on the interlayer insulation film 21 around a wiring gutter 22. Thus, in order to 
form, after removing the conductor (for example, copper) for forming wiring deposited on the 1st 
barrier layer 23 in CMP, it is necessary to carry out patterning of the 1st barrier layer 23 
according to the so-called mask process (a lithography technique and etching). In addition, the 
barrier layer 23 of the above 1st is formed by tantalum nitride or the tantalum as an ingredient 
which has barrier property to a copper atom and a copper ion. The above-mentioned wiring 24 is 
formed with copper or a copper alloy. 

[0089] The 2nd barrier layer 25 which furthermore covers the above-mentioned wiring 24 from 
an upper part side is formed in the condition of overlapping the barrier layer 23 of the above 1st 
by the flank (side face) of the above-mentioned wiring 24. This 2nd barrier layer 25 is formed 
with silicon nitride as an ingredient which has barrier property to a copper atom and a copper 
ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 
[0090] Also with the gestalt of implementation of the above 5th, the same effectiveness as said 
1st explained operation gestalt is acquired. 

[0091] When the lap width of face in the lengthwise direction of a wiring cross section with the 
1st barrier layer 23, the 2nd barrier layer 25, or the 2nd barrier layer 27 explained with the 
gestalt of each above-mentioned implementation was required however had the thickness in the 
side face of the wiring 24 of the 1st barrier layer 23, or the side face of a wiring gutter 22, and 
more than comparable [ about 45nm / a maximum of], it came out enough and a certain thing 
was checked by experiment of an artificer. 

[0092] The 1st barrier layer 23 and the 2nd barrier layer 25, or the 2nd barrier layer 27 explained 
with the gestalt of each above-mentioned implementation can be applied also to a dual pellet syn 
conformation. 

[0093] Moreover, even if it is the configuration which made vertical reverse the configuration 
explained with the gestalt of each above-mentioned implementation, it enters under the category 
of this invention. 
[0094] 

[Effect of the Invention] As mentioned above, since according to the semiconductor device of 
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this invention the lower part of wiring is covered with the 1 st barrier layer, the upper part side of 
wiring is covered with the 2nd barrier layer, as explained, and the 1st barrier layer and the 2nd 
barrier layers overlap Even if the stress of wiring is added to the 1st barrier layer and the 2nd 
barrier layer and one of barrier layers shift, the 1st barrier layer and the 2nd barrier layer cannot 
estrange, and wiring can always be covered with the 1st barrier layer and the 2nd barrier layer. 
Therefore, even if wiring is formed with copper or a copper alloy, the copper under wiring cannot 
move out of wiring. Therefore, short generating during wiring and generating of leakage current 
can be suppressed, and it becomes what has high wiring dependability. 

[0095] According to the manufacture approach of the 1st semiconductor device concerning this 
invention, the insulator layer around wiring formed in the crevice formed in the insulator layer by 
embedding a conductor is removed. After making wiring and the 1st barrier layer project from an 
insulator layer front face, since the barrier layer of a wrap 2nd is formed with the 1st barrier 
layer, wiring by overlapping the 1st barrier layer by the flank of wiring with a wrap in the upper 
part side of wiring Wiring can be completely covered with the 1st barrier layer and the 2nd 
barrier layer. Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd 
barrier layer and one of barrier layers shift, even if it forms wiring with copper or a copper alloy 
since contact in the 1st barrier layer and the 2nd barrier layer can be maintained in overlapping 
parts, migration of the copper under wiring can be prevented. Therefore, the thing which has high 
wiring dependability and which suppressed short generating during wiring and generating of 
leakage current can be manufactured. 

[0096] After according to the manufacture approach of the 2nd semiconductor device 
concerning this invention removing the insulator layer near the top section of the 1st barrier 
layer in the crevice formed in the insulator layer and forming a slot, Since cover the upper part 
side of wiring, and a slot is embedded, the 1st barrier layer is overlapped by the flank of wiring 
and the barrier layer of a wrap 2nd is formed for wiring with the 1 st barrier layer, wiring can be 
completely covered with the 1st barrier layer and the 2nd barrier layer. Therefore, even if the 
stress of wiring is added to the 1st barrier layer and the 2nd barrier layer and one of barrier 
layers shift, even if it forms wiring with copper or a copper alloy since contact in the 1st barrier 
layer and the 2nd barrier layer can be maintained in overlapping parts, migration of the copper 
under wiring can be prevented. Therefore, the thing which has high wiring dependability and 
which suppressed short generating during wiring and generating of leakage current can be 
manufactured. 

[0097] The upper part of wiring formed by embedding the crevice conductor formed in the 
insulator layer according to the manufacture approach of the 3rd semiconductor device 
concerning this invention is removed. Since the 1st barrier layer is overlapped in the top section 
of wiring with a wrap in the upper part side of wiring and the barrier layer of a wrap 2nd is formed 
for wiring with the 1st barrier layer after forming lower than an insulator layer front face, wiring 
can be completely covered with the 1 st barrier layer and the 2nd barrier layer. Therefore, as well 
as the manufacture approach of the above 1st even if it forms wiring with copper or a copper 
alloy, migration of the copper under wiring, for example, the ionized copper, can be prevented. 
Therefore, the thing which has high wiring dependability and which suppressed short generating 
during wiring and generating of leakage current can be manufactured. 
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. * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the semiconductor device which used copper or 
a copper alloy for the conductor, and its manufacture approach in detail about a semiconductor 
device and its manufacture approach. 
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PRIOR ART 



[Description of the Prior Art] ContractionHzation of detailed-izing of wiring and a wiring pitch is 
needed with detailedHzing of a semiconductor device. Moreover, the reduction in the dielectric 
constant of an interlayer insulation film and low resistance-ization of wiring have been needed 
for coincidence with the demand of low-power-izing, improvement in the speed, etc. In the logic 
device, since a resistance rise especially according to detailed wiring and the increment in wiring 
capacity lead to the fall of the working speed of a device, the multilayer interconnection using an 
interlayer insulation film made detailed is needed in the low dielectric constant film. 
[0003] It has caused increase of the number of processes at the same time contraction-ization 
of detailed-izing of wiring width of face and a pitch enlarges the aspect ratio of spacing during 
wiring (Rhine - and tooth-space part of - tooth space), and a burden is placed on the technique 
which forms long and slender detailed wiring perpendicularly as a result, the technique which 
embeds between detailed wiring with an interlayer insulation film and it not only enlarges the 
aspect ratio of the wiring [ itself ], but it complicates a process. 

[0004] It is possible for it not to be necessary to embed a connection hole (for example, beer 
hall) and a wiring gutter by reflow sputtering of metals (aluminum, copper, etc.) or plating at 
coincidence, and for forming metal wiring of a high aspect ratio by etching not to embed **** 
during wiring with an interlayer insulation film in the DAMASHIN process which grinds a surface 
metal by chemical mechanical polishing (it is called Following CMP), either, and to reduce the 
number of processes sharply. This process comes to contribute to reduction of the total 
manufacturing cost greatly, so that the aspect ratio of wiring becomes high and a wiring total 
increases. 

[0005] Conventionally, in wiring of LSI, although aluminum and an aluminium alloy have been used 
for the electrical conducting material, in order to attain improvement in the speed and low- 
power-ization with improvement in the degree of integration of a semiconductor integrated 
circuit in recent years, a copper alloy has come to be used for an electrical conducting material, 
moreover, DAMASHIN embedding the wiring material which the manufacture approach of using 
copper for a wiring material does not make an insulator layer cover after processing a wiring 
material by the conventional etching, but it forms the slot and hole for embedding a conductor at 
the part after forming an insulator layer previously, and consists of a conductor into it — law is 
developed. 

[0006] Next, the production process of drawing 10 explains the formation approach of wiring by 
the DAMASHIN method. 

[0007] As shown in (1) of drawing 10 , the 2nd insulating layer 1 12 is formed on the 1st insulating 

layer 111. Even if formed by insulating material which is different in the 1 st insulating layer 1 1 1 

and 2nd insulating layer 1 12, it may be formed by the same insulating material. 

[0008] Next, as shown in (2) of drawing 10 , the slot 1 13 for forming wiring or an electrode in the 

2nd insulating layer 112 is formed with a usual lithography technique and a usual. etching 

technique. 

[0009] Then, as shown in (3) of drawing 10 , the barrier metal layer 1 14 is formed in the inside of 
this above-mentioned slot 113, and copper is further embedded as a conductor, then, the barrier 
metal layer 1 14 and copper which it began to see from the slot 113 — chemical mechanical 
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polishing (CMP [ say / Following CMP ] is the abbreviation for Chemical Mechanical Polishing) — 
by law, it removes and flattening of the front face is carried out. Thus, the wiring 1 15 which 
consists of copper through the barrier metal layer 1 14 is formed in the interior of a slot 1 13. In 
this drawing, the barrier metal layer 1 14 is for preventing the diffusion (migration) to the 1st 
insulating layer 1 1 1 and 2nd insulating layer 1 12, and, as for current, a tantalum, an tantalum 
compound, or a tantalum alloy is used in many cases. Titanium, the titanium alloy, the tungsten, 
etc. are used with other ingredients. 

[0010] Then, as shown in (4) of drawing 10 , a nitride (for example, silicon nitride film) 1 16 is 
formed on the 2nd insulating layer 1 12 so that the upper part of wiring 1 15 may be covered. This 
nitride 1 1 6 is for preventing the diffusion to the upper part of the copper under wiring 115. 
[001 1] the slot which embeds the upper wiring for a connection hole with lower layer wiring 
although above-mentioned drawing 10 showed the case where the wiring 1 15 which consists of 
copper was formed all over a slot 1 13, simultaneously dual DAMASHIN which forms and embeds 
a conductor at the slot and connection hole at coincidence — it has the configuration with same 
barrier metal layer formed in Mizouchi and nitride formed on wiring also by law. 
[0012] On the other hand, the trouble for using copper as an electrical conducting material is 
pointed out. That is, like aluminum, since copper is not various ingredients and the ingredient 
which forms an oxide easily, it moves easily in the inside of an interlayer insulation film and the 
insulator layer between wiring (diffusion). Therefore, in a semiconductor device, in order to 
realize copper wiring, the so-called formation of the barrier layer which prevents migration of 
copper becomes an indispensable technique. Therefore, it is necessary to prevent migration of 
copper certainly by the barrier layer. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As mentioned above, it is since according to the semiconductor device, 
of this invention the lower part of wiring is covered with the 1st barrier layer, the upper part side 
of wiring is covered with the 2nd barrier layer and the 1st barrier layer and the 2nd barrier layers 
overlap, as explained, Even if the stress of wiring is added to the 1st barrier layer and the 2nd 
barrier layer and one of barrier layers shift, the 1st barrier layer and the 2nd barrier layer cannot 
estrange, and wiring can always be covered with the 1st barrier layer and the 2nd barrier layer. 
Therefore, even if wiring is formed with copper or a copper alloy, the copper under wiring cannot 
move out of wiring. Therefore, short generating during wiring and generating of leakage current 
can be suppressed, and it becomes what has high wiring dependability. 

[0095] According to the manufacture approach of the 1st semiconductor device concerning this 
invention, the insulator layer around wiring formed in the crevice formed in the insulator layer by 
embedding a conductor is removed, Since the 1st barrier layer is overlapped by the flank of 
wiring with a wrap in the upper part side of wiring and the barrier layer of a wrap 2nd is formed 
for wiring with the 1st barrier layer after making wiring and the 1st barrier layer project from an 
insulator layer front face, wiring can be completely covered with the 1st barrier layer and the 2nd 
barrier layer. Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd 
barrier layer and one of barrier layers shift, even if it forms wiring with copper or a copper alloy 
since contact in the 1st barrier layer and the 2nd barrier layer can be maintained in overlapping 
parts, migration of the copper under wiring can be prevented. Therefore, the thing which has high 
wiring dependability and which suppressed short generating during wiring and generating of 
leakage current can be manufactured. 

[0096] According to the manufacture approach of the 2nd semiconductor device concerning this 
invention, the insulator layer near the top section of the 1st barrier layer in the crevice formed in 
the insulator layer is removed. Since cover the upper part side of wiring, and a slot is embedded, 
the 1st barrier layer is overlapped by the flank of wiring and the barrier layer of a wrap 2nd is 
formed for wiring with the 1st barrier layer after forming a slot, wiring can be completely covered 
with the 1st barrier layer and the 2nd barrier layer. Therefore, even if the stress of wiring is 
added to the 1st barrier layer and the 2nd barrier layer and one of barrier layers shift, even if it 
forms wiring with copper or a copper alloy since contact in the 1st barrier layer and the 2nd 
barrier layer can be maintained in overlapping parts, migration of the copper under wiring can be 
prevented. Therefore, the thing which has high wiring dependability and which suppressed short 
generating during wiring and generating of leakage current can be manufactured. 
[0097] According to the manufacture approach of the 3rd semiconductor device concerning this 
invention, the upper part of wiring formed by embedding the crevice conductor formed in the 
insulator layer is removed, Since the 1 st barrier layer is overlapped in the top section of wiring 
with a wrap in the upper part side of wiring and the barrier layer of a wrap 2nd is formed for 
wiring with the 1st barrier layer after forming lower than an insulator layer front face, wiring can 
be completely covered with the 1st barrier layer and the 2nd barrier layer. Therefore, as well as 
the manufacture approach of the above 1st even if it forms wiring with copper or a copper alloy, 
migration of the copper under wiring, for example, the ionized copper, can be prevented. 
Therefore, the thing which has high wiring dependability and which suppressed short generating 
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during wiring and generating of leakage current can be manufactured. 
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3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] however, with the wiring structure explained by the 
Prior art Since there are few touch areas of the barrier metal layer formed in the inside of a 
wiring gutter and the nitride formed in the top face of copper wiring and the top face of copper 
wiring and the contact surface of a barrier metal layer and a nitride exist on the same flat 
surface mostly, For example, when a barrier metal layer and a nitride are removed by the stress 
of copper wiring, by it, the copper of copper wiring will move in the direction of the silicon oxide 
film from the interface of a barrier metal layer and a nitride. It is because it is the matter which 
copper tends [ very ] to move. It becomes the cause of leakage current, and that will cause a 
short circuit with adjoining copper wiring, when the worst: 

[0014] Moreover, it is reported that the surface diffusion of copper of the interface and the 
various ingredients with which the laminating of two kinds of ingredients was carried out is very 
large. For example, in 1998 International Conference on SolidState Devices and Materials, 
S.U.Kim and others has reported the anomalous diffusion by which induction was carried out to 
the defect at the time of processing by the interface of BCB and a silicon nitride film. Thereby, 
in copper wiring, only thermal diffusion was understood that just minding is inadequate. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/12/01 



1/11 ^— V 



t * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem] This inventions are the semiconductor device made in order to 
solve the above-mentioned technical problem, and its manufacture approach. 
[0016] In the semiconductor device which equipped with wiring the interior of the crevice which 
formed the semiconductor device in the interlayer insulation film, it has the 1st barrier layer 
which covers the wiring concerned from the lower part side of wiring, and the 2nd barrier layer 
which covers the wiring concerned from the upper part side of wiring, the 1st barrier layer and 
the 2nd barrier layers overlap, and wiring is covered. 

[0017] The 1st barrier layer which covers the wiring concerned with the above-mentioned 
semiconductor device from the lower part side of wiring, Since it has the 2nd barrier layer which 
covers the wiring concerned, the 1st barrier layer and the 2nd barrier layers overlap and wiring is 
covered from the upper part side of wiring, even if the stress of wiring is added to the 1st barrier 
layer and the 2nd barrier layer When the 1-st barrier layer and the 2nd barrier layers overlap, 
even if one of barrier layers shift, the 1st barrier layer and the 2nd barrier layer hold contact in 
overlapping parts. That is, when the 1st barrier layer and the 2nd barrier layers overlap, a barrier 
layer comrade's adhesion force is strengthened. Therefore, the 1st barrier layer and the 2nd 
barrier layer separate, and the metal which constitutes wiring from the meantime does not move 
outside (or diffusion). Therefore, even if wiring is formed with copper or a copper alloy and the 
interlayer insulation film of silicon oxide is formed in the perimeter of wiring, the copper under 
wiring, for example, the ionized copper, does not move into an interlayer insulation film. 
[0018] The process which forms wiring in the interior of a crevice by embedding a conductor 
while the manufacture approach of the 1st semiconductor device forms the 1st barrier layer in 
the inside of this crevice, after forming a crevice in an insulator layer, It is the manufacture 
approach equipped with the process which the insulator layer around wiring is removed 
[ process ] and makes wiring and the 1st barrier layer project from an insulator layer front face, 
and the process which overlaps the 1st barrier layer by the flank of wiring with a wrap in the 
upper part side of wiring, and forms the barrier layer of a wrap 2nd for wiring with the 1st barrier 
layer. 

[0019] The process which forms wiring in the interior of a crevice by embedding a conductor 
while forming the 1st barrier layer in the inside of the crevice formed in the insulator layer by the 
manufacture approach of the 1st semiconductor device of the above, The process which the 
insulator layer around wiring is removed [ process ] and makes wiring and the 1st barrier layer 
project from an insulator layer front face, Since it has the process which overlaps the 1st barrier 
layer by the flank of wiring with a wrap in the upper part side of wiring, and forms the barrier 
layer of a wrap 2nd for wiring with the 1st barrier layer, wiring is covered with the 1st barrier 
layer and the 2nd barrier layer. 

[0020] Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd barrier 
layer and one of barrier layers shift when the 1st barrier layer and the 2nd barrier layers overlap, 
contact in the 1 st barrier layer and the 2nd barrier layer will be maintained in overlapping parts. 
That is, a barrier layer comrade's adhesion force is strengthened by forming so that the 1 st 
barrier layer and the 2nd barrier layer may be overlapped. Therefore, since the 1st barrier layer 
and the 2nd barrier layer do not separate, the metal which a clearance opens in the meantime 
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and constitutes wiring does not move outside (or diffusion). Therefore, even if it forms wiring 
with copper or a copper alloy, the copper under wiring does not move into an insulator layer. 
[0021] The process which forms wiring in the interior of a crevice by embedding a conductor 
while the manufacture approach of the 2nd semiconductor device forms the 1st barrier layer in 
the inside of this crevice, after forming a crevice in an insulator layer, It is the manufacture 
approach equipped with the process which removes the insulator layer near the top section of 
the 1 st barrier layer, and forms a slot, and the process which forms the 2nd barrier layer in the 
condition of embedding a slot for the upper part side of wiring with a wrap. 
[0022] The process which forms wiring in the interior of a crevice by embedding a conductor 
while forming the 1st barrier layer in the inside of the crevice formed in the insulator layer by the 
manufacture approach of the 2nd semiconductor device of the above, Since it has the process 
which removes the insulator layer near the top section of the 1st barrier layer, and forms a slot, 
and the process which forms the 2nd barrier layer in the condition of embedding a slot for the 
upper part side of wiring with a wrap, wiring is covered with the 1st barrier layer and the 2nd 
barrier layer. 

[0023] Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd barrier 
layer and one of barrier layers shift when the 1st barrier layer and the 2nd barrier layers overlap, 
contact in the 1st barrier layer and the 2nd barrier layer will be maintained in overlapping parts. 
That is, it is because a barrier layer comrade's adhesion force is strengthened by forming so that 
the 1st barrier layer and the 2nd barrier layer may be overlapped. Therefore, since the 1st 
barrier layer and the 2nd barrier layer do not separate, the metal which a clearance opens in the 
meantime and constitutes wiring does not move outside (or diffusion). Therefore, even if it forms 
wiring with copper or a copper alloy, the copper under wiring does not move into an insulator 
layer. 

[0024] The process which forms wiring in the interior of a crevice by embedding a conductor 
while the manufacture approach of the 3rd semiconductor device forms the 1st barrier layer in 
the inside of this crevice, after forming a crevice in an insulator layer, It is the manufacture 
approach equipped with the process which removes the upper part of wiring so that it may 
become lower than an insulator layer front face, and the process which overlaps the 1st barrier 
layer in the top section of wiring with a wrap in the upper part side of wiring, and forms the 
barrier layer of a wrap 2nd for wiring with the 1st barrier layer. 

[0025] The process which forms wiring in the interior of a crevice by embedding a conductor 
while forming the 1st barrier layer in the inside of the crevice formed in the insulator layer by the 
manufacture approach of the 3rd semiconductor device of the above, From having the process 
which removes the upper part of wiring so that it may become lower than an insulator layer front 
face, and the process which overlaps the 1 st barrier layer in the top section of wiring with a 
wrap in the upper part side of wiring, and forms the barrier layer of a wrap 2nd for wiring with the 
1st barrier layer Wiring is covered with the 1st barrier layer and the 2nd barrier layer. 
[0026] Therefore, even if the stress of wiring is added to the 1st barrier layer and the 2nd barrier 
layer and one of barrier layers shift when the 1st barrier layer and the 2nd barrier layers overlap, 
contact in the 1st barrier layer and the 2nd barrier layer will be maintained in overlapping parts. 
That is, it is because a barrier layer comrade's adhesion force is strengthened by forming so that 
the 1st barrier layer and the 2nd barrier layer may be overlapped. Therefore, since the 1st 
barrier layer and the 2nd barrier layer do not separate, the metal which a clearance opens in the 
meantime and constitutes wiring does not move outside (or diffusion). Therefore, even if it forms 
wiring with copper or a copper alloy, the copper under wiring does not move into an insulator 
layer. 
[0027] 

[Embodiment of the Invention] The outline configuration sectional view of drawin g 1 explains the 
gestalt of the 1st operation concerning the semiconductor device of this invention. 
[0028] As shown in drawing 1 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon, oxide. It is formed in this wiring 
gutter 22 at the condition that wiring 24 projects from the top face of the above-mentioned 
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interlayer insulation film 21 through the 1st barrier layer 23. Thus, the 1st barrier layer 23 has 
covered the above-mentioned wiring 24 from the lower part side. The 1st barrier layer 23 is 
formed by tantalum nitride or the tantalum as an ingredient which has barrier property to a 
copper atom and a copper ion. The above-mentioned wiring 24 is formed with copper or a copper 
alloy. 

[0029] The 2nd barrier layer 25 which furthermore covers the above-mentioned wiring 24 from 
an upper part side is formed in the condition of overlapping the barrier layer 23 of the above 1st 
by the flank (side face) of the above-mentioned wiring 24. This 2nd barrier layer 25 is formed 
with silicon nitride as an ingredient which has barrier property to a copper atom and a copper 
ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 
[0030] In addition, although it does not carry out illustration, the above-mentioned interlayer 
insulation film 21 may cover semiconductor devices, such as a transistor, capacity, and 
resistance, and wiring which were formed, for example on the semi-conductor substrate, may be 
a thing for flattening, or may cover a wiring layer. That is, it is the interlayer insulation film used 
for the usual semiconductor device. 

[0031] The 1st barrier layer 23 which covers this wiring 24 with the gestalt of implementation of 
the above 1st from the lower part side of wiring 24, It has the 2nd barrier layer 25 which covers 
this wiring 24 from the upper part side of the above-mentioned wiring 24. Since the 1st barrier 
layer 23 and the 2nd barrier layers 25 overlap by the flank of wiring 24 and wiring 24 is covered, 
even if the stress of wiring 24 is added to the 1 st barrier layer 23 and the 2nd barrier layer 25 
When the 1 st barrier layer 23 and the 2nd barrier layers 25 overlap, even if one of barrier layers 
(for example, 2nd barrier layer 25) shift, the 1st barrier layer 23 and the 2nd barrier layer 25 hold 
contact in overlapping parts. 

[0032] That is, when the 1st barrier layer 23 and the 2nd barrier layers 25 overlap, a barrier layer 
comrade's adhesion force is strengthened. Therefore, the 1st barrier layer 23 and the 2nd barrier 
layer 25 separate, and the metal which constitutes wiring 24 from the meantime does not move 
in the exterior of an interlayer insulation film 21, i.e., the direction, (or diffusion). That is, even if 
the stress of wiring 24 works, the condition of having covered wiring 24 with the 1st barrier layer 

23 and the 2nd barrier layer 25 does not change. Therefore, the copper which constitutes wiring 

24 ionizes, for example, and does not move into the interlayer insulation film 21 around wiring 24. 

[0033] Next, the outline configuration sectional view of drawing 2 explains the gestalt of the 2nd 
operation concerning the semiconductor device of this invention. In addition, the same sign is 
given to the same component part as said drawing 1 in drawing 2 . 

[0034] As shown in drawing 2 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon oxide. Wiring 24 is formed in this 
wiring gutter 22 through the 1st barrier layer 23. Thus, the 1st barrier layer 23 has covered the 
above-mentioned wiring 24 from the lower part side. The 1 st barrier layer 23 is formed by 
tantalum nitride or the tantalum as an ingredient which has barrier property to a copper atom 
and a copper ion. The above-mentioned wiring 24 is formed with copper or a copper alloy. 
[0035] The 2nd barrier layer 25 is formed so that a slot 26 may furthermore be formed in the 
interlayer insulation film 21 of the top section of the barrier layer 23 of the above 1st and the 
slot 26 may be embedded, and so that the above-mentioned wiring 24 may be covered from an 
upper part side. Thus, since the 2nd barrier layer 25 is formed, the 2nd barrier layer 25 is in the 
condition of overlapping the barrier layer 23 of the above 1st by the flank (side face) of the 
above-mentioned wiring 24. This 2nd barrier layer 25 is formed with silicon nitride as an 
ingredient which has barrier property to a copper atom and a copper ion. Or it is also possible to 
form by carbonization silicon, the tantalum, the tantalum alloy, tantalum nitride, etc. Thus, wiring 
24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 

[0036] Since the 1st barrier layer 23 and the 2nd barrier layer 25 have covered wiring 24 with 
the gestalt of implementation of the above 2nd in the condition that the 1st barrier layer 23 and 
the 2nd barrier layers 25 overlap by the flank of wiring 24 It can prevent that the copper which 
constitutes wiring 24 ionizes the gestalt of said 1st operation, for example, and moves it into the 
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interlayer insulation film 21 around wiring 24 similarly in the 1st barrier layer 23 and the 2nd 
barrier layer 25. 

[0037] Next, the outline configuration sectional view of drawin g 3 explains the gestalt of the 3rd 
operation concerning the semiconductor device of this invention. In addition, the same sign is 
given to the same component part as said d rawin g 1 in drawin g 3 . 

[0038] As shown in drawing 3 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon oxide. Wiring 24 is formed in this 
wiring gutter 22 through the 1st barrier layer 23. Thus, the 1st barrier layer 23 has covered the 
above-mentioned wiring 24 from the lower part side. The 1st barrier layer 23 is formed by 
tantalum nitride or the tantalum as an ingredient which has barrier property to a copper atom 
and a copper ion. The above-mentioned wiring 24 is formed with copper or a copper alloy. 
[0039] The 2nd barrier layer 27 is formed so that a slot 26 may furthermore be formed in the 
interlayer insulation film 21 near the top section of the barrier layer 23 of the above 1st and the 
slot 26 may be embedded, and so that the above-mentioned wiring 24 may be covered from an 
upper part side. Thus, since the 2nd barrier layer 27 is formed, the 2nd barrier layer 27 is in the 
condition of overlapping the barrier layer 23 of the above 1st by the flank (side face) of the 
above-mentioned wiring 24. This 2nd barrier layer 27 is formed by low dielectric constant organic 
film like for example, the aryl ether as an ingredient which has barrier property to a copper atom 
and a copper ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier 
layer 27. 

[0040] In addition, the low dielectric constant organic film can be used for the barrier layer of the 
above 2nd because the diffusion coefficient of the copper to the low dielectric constant organic 
film is small: 

[0041] Since the 1st barrier layer 23 and the 2nd barrier layer 27 have covered wiring 24 with 
the gestalt of implementation of the above 3rd in the condition that the 1 st barrier layer 23 and 
the 2nd barrier layers 27 overlap by the flank of wiring 24 It can prevent that the copper which 
constitutes wiring 24 ionizes the gestalt of said 1st operation, for example, and moves it into the 
interlayer insulation film 21 around wiring 24 similarly in the 1st barrier layer 23 and the 2nd 
barrier layer 27. Moreover, the 2nd barrier layer 27 can be used as an interlayer insulation film 
during wiring with wiring 24 and wiring (not shown) formed in the upper part. 
[0042] Next, the outline configuration sectional view of drawing 4 explains the gestalt of the 4th 
operation concerning the semiconductor device of this invention. In addition, the same sign is 
given to the same component part as said drawing 1 in drawing 4 . 

[0043] As shown in drawing 4 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. The above- 
mentioned interlayer insulation film 21 is formed with silicon oxide. The 1st barrier layer 23 is 
formed in the wall (a pars basilaris ossis occipitalis is also included) of this wiring gutter 22. The 
barrier layer 23 of the above 1st is formed by tantalum nitride or the tantalum as an ingredient 
which has barrier property to a copper atom and a copper ion. Furthermore, it is formed in the 
above-mentioned wiring gutter 22 at the condition of having dented wiring 24 from the top face 
of the above-mentioned interlayer insulation film 21 through the barrier layer 23 of the above 
1st. This wiring 24 is formed with copper or a copper alloy. 

[0044] Therefore, the barrier layer 23 of the above 1st is formed also on the side of the above- 
mentioned wiring 24 in the above-mentioned wiring gutter 22, and the lower part side of the 
above-mentioned wiring 24 is covered with the 1st barrier layer 23. 

[0045] The 2nd barrier layer 25 which furthermore covers the above-mentioned wiring 24 from 
an upper part side is formed in the condition of overlapping by the barrier layer 23 of the above 
1st, and the side attachment wall of the above-mentioned wiring gutter 22. This 2nd barrier layer 
25 is formed with silicon nitride as an ingredient which has barrier property to a copper atom and 
a copper ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 

[0046] In addition, although it does not carry out illustration, the above-mentioned interlayer 
insulation film 21 may cover semiconductor devices, such as a transistor, capacity, and 
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resistance, and wiring which were formed, for example on the semi-conductor substrate, may be 
a thing for flattening, or may cover a wiring layer. That is, it is the interlayer insulation film used 
for the usual semiconductor device. 

[0047] The 1 st barrier layer 23 which covers this wiring 24 with the gestalt of implementation of 
the above 4th from the lower part side of wiring 24, It has the 2nd barrier layer 25 which covers 
this wiring 24 from the upper part side of the above-mentioned wiring 24. Since the 1st barrier 
layer 23 and the 2nd barrier layers 25 overlap by the flank of a wiring gutter 22 and wiring 24 is 
covered, even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd barrier 
layer 25 When the 1st barrier layer 23 and the 2nd barrier layers 25 overlap, even if one of 
barrier layers (for example, 2nd barrier layer 25) shift, contact in the 1 st barrier layer 23 and the 
2nd barrier layer 25 will be held in overlapping parts. 

[0048] That is, when the 1st barrier layer 23 and the 2nd barrier layers 25 overlap, a barrier layer 
comrade's adhesion force is strengthened. Therefore, the 1st barrier layer 23 and the 2nd barrier 
layer 25 separate, and the metal which constitutes wiring 24 from the meantime does not move 
in the exterior of an interlayer insulation film 21, i.e., the direction, (or diffusion). That is, even if 
the stress of wiring 24 works, the condition of having covered wiring 24 with the 1st barrier layer 

23 and the 2nd barrier layer 25 does not change. Therefore, the copper which constitutes wiring 

24 ionizes, for example, and does not move into the interlayer insulation film 21 around wiring 24. 

[0049] Next, the production process Fig. of drawing 5 explains the gestalt of the operation 
concerning the 1st manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
device explained by said drawing 1 , and was shown by said drawing 1 , and the same 
components in drawing 5 . 

[0050] As shown in (1) of drawing 5 , semiconductor devices (for example, a transistor, capacity, 
resistance, etc.) are formed in a semi-conductor substrate (illustration abbreviation), and lower 
layer wiring, a circuit pattern, etc. are further formed in it. On such a semi-conductor substrate, 
the wrap insulator layer 1 1 is formed in those components, wiring, etc. An interlayer insulation 
film 21 is formed on the insulator layer 1 1. This interlayer insulation film 21 is formed by the 
cascade screen of low dielectric constant organic film, such as for example, the aryl ether, and 
the silicon oxide film. Or it forms by the so-called low dielectric constant film, such .as a cascade 
screen of the fluororesin film and the silicon oxide film, fluorine oxide-ized silicon film, organic 
SOG film, and inorganic SOG film. It is required for a design rule to contain the low dielectric 
constant film with the device after 0.13-micrometer generation especially. 

[0051] then, DAMASHIN generally known — after forming a crevice (it explains as a wiring gutter 
hereafter) 22 in an interlayer insulation film 21, the 1st barrier layer 23 is formed in the inside of 
a wiring gutter 22 by tantalum nitride or the tantalum by law as an ingredient which has barrier 
property to a copper atom and a copper ion. Furthermore, after forming a copper seed layer in 
the inside of a wiring gutter 22 through the 1st barrier layer 23, the interior of a wiring gutter 22 
is embedded with a conductor (for example, copper) by the electrolysis galvanizing method etc. 
Then, for example by CMP, the excessive copper on an interlayer insulation film 21 and the 1st 
barrier layer 23 are removed, and the wiring 24 which becomes the interior of a wiring gutter 22 
from copper through the 1 st barrier layer 23 is formed. 

[0052] Next, etching removes the interlayer insulation film 21 around wiring 24, and wiring 24 and 
the 1st barrier layer 23 are made to project from the front face of an interlayer insulation film 21, 
as shown in (2) of drawing 5 . Therefore, the 1st barrier layer 23 is in the condition of having 
covered the above-mentioned wiring 24 from the lower part side. 

[0053] By the above-mentioned etching, when an interlayer insulation film 21 is silicon oxide film, 
wet etching removes here [ the fluoric acid water solution and here ] whose concentration is 
0.1% - 1.0%, using 0.5% of fluoric acid water solution as an example. In addition, since an etching 
rate becomes late in the wet etching using the fluoric acid water solution of less than 0.1% of 
concentration, it is not practical, and since a metal part will also be etched in the wet etching 
using the fluoric acid water solution exceeding 1.0%, it is not desirable. Moreover, in the case of 
low dielectric constant organic film like the aryl ether, an interlayer insulation film 21 removes by 
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hydrogen plasma etching or nitrogen plasma etching. In addition, since the copper of wiring 24 is 
oxidized and it becomes a defect's cause, it is not desirable to use oxygen plasma etching. 
Moreover, it is desirable to perform from a viewpoint of antioxidizing of wiring 24 to formation of 
the 2nd barrier layer performed to this etching and degree by the non-oxidizing atmosphere. 
Namely, the so-called in situ Processing is desirable. 

[0054] Moreover, it is also possible to perform etching of the above-mentioned interlayer 
insulation film 21 by the dry etching using the gas of a carbon fluoride system. In this case, the 
upper part of the 1st barrier layer 23 may also be etched. In addition, even if the upper part of 
the 1st barrier layer 23 is etched, it is necessary to perform the above-mentioned etching so 
that the amount of laps to the 1st barrier layer 23 of the 2nd barrier layer formed after that can 
fully secure, namely, so that it may leave the 1st barrier layer 23 to height of 30nm or more from 
the front face of the interlayer insulation film 21 after etching. 

[0055] It is desirable to form the height of the level difference of an interlayer insulation film 21 
and the 1st barrier layer 23 in at least 30nm or more by etching of the above-mentioned 
interlayer insulation film 21. It is because a lap part with the 2nd barrier layer formed behind 
decreases, it becomes difficult to secure sufficient barrier property and it becomes being the 
same as that of the structure of the conventional barrier layer, when the above-mentioned level 
difference is 30nm or less. 

[0056] Next, as shown in (3) of drawing 5 , the 2nd barrier layer 25 is formed on the above- 
mentioned interlayer insulation film 21 so that the above-mentioned wiring 24 may be covered. 
This 2nd barrier layer 25 is formed by insulator layers, such as silicon nitride and hydrogenation 
silicon carbon, as an ingredient which has barrier property to a copper atom and a copper ion. As 
the manufacture approach, a CVD method is desirable. As the other membrane formation 
approaches, the membrane, formation approaches, such as sputtering and a sol gel process, can 
also be used. When forming membranes with a CVD method, it is etching and in situ of the 
above-mentioned interlayer insulation film 21. Processing is desirable, for example, etching using 
the hydrogen plasma after etching the silicon oxide film in a rare fluoric acid water solution — 
about [ 5nm-20nm ] etching — carrying out — after that — continuing — chemical vapor 
growth (CVD [ say / the following and CVD ] is the abbreviation for Chemical Vapour Deposition) 
— the 2nd barrier layer 25 which consists of a silicon nitride film by law is formed. 
[0057] When an interlayer insulation film 21 is organic film, 10nm - about 100nm is etched by 
etching which used the hydrogen plasma or the nitrogen plasma, and the 2nd barrier layer 25 is 
formed with a silicon nitride film with a CVD method after that. As for a silicon nitride film, at 
this time, it is desirable to form in the thickness of 20nm - about 100nm. Barrier property 
sufficient in less than 20nm is not obtained. On the other hand by the thickness exceeding 
100nm, the capacity between wiring becomes large, and it is not desirable: Thus, by etching usinjg 
the hydrogen plasma, the oxide film (copper oxide film) of the front face of wiring 24 is etched, 
the front face of wiring 24 is cleaned to coincidence, and adhesion with the 2nd barrier layer 25 
which consists of a silicon nitride film improves. 

[0058] Moreover, in case the 2nd barrier layer 25 which consists of a silicon nitride film with a 
CVD method is formed, it is desirable to form so that the thickness of the side attachment wall 
of wiring 24 may become thin rather than the thickness on wiring 24. If a silicon nitride film is 
formed between wiring, since the capacity between wiring will rise, it is for controlling the rise of 
the capacity between wiring as much as possible. Therefore, it is good to form membranes in a 
CVD method, using high density plasma-CVD equipment as a CVD method which has directivity. 
Or it is good to form membranes using parallel monotonous mold plasma-CVD equipment. As the 
membrane formation condition, a step hippo ridge considers as the conditions used as about 30% 
or less. As membrane formation conditions at the time of using parallel monotonous mold 
plasma-CVD equipment, as an example, 1.03kPa(s) and membrane formation temperature are set 
as 400 degrees C, and a process gas ratio is set as about mono-silane [SiH4]:ammonia (NH3) 
=3:1 for the pressure of a membrane formation ambient atmosphere. Furthermore, it is desirable 
to perform plasma treatment which includes either [ at least ] the hydrogen plasma or the 
nitrogen plasma just before CVD. As membrane formation conditions at the time of using high 
density plasma-CVD equipment, as an example, 1Pa or less and membrane formation 
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temperature are set as 200 degrees C - 400 degrees C, and a process gas ratio is set as about 
mono-silane [SiH4]:nitrogen (N2) =3:1.5-5 for the pressure of a membrane formation ambient 
atmosphere. 

[0059] If the 2nd barrier layer 25 is formed as mentioned above, the 2nd barrier layer 25 will 
overlap the 1st barrier layer 23 by the flank of wiring 24 with a wrap in the upper part side of 
wiring 24, and will cover wiring 24 with the 1st barrier layer 23. 

[0060] Then, as shown in (4) of drawing 5 , an interlayer insulation film 31 is formed on the 2nd 
barrier layer 25. As for an interlayer insulation film 31, it is desirable to include the low dielectric 
constant film. Although the aryl ether was used in this invention, otherwise, it is possible to use 
organic [ SOG ], inorganic [ SOG ], a fluororesin, xerogel, etc. 

[0061] In addition, although illustration is not carried out, the plug is formed in the location to a 
connection hole and its interior predetermined [ of the above-mentioned insulator layer 11 ]. 
Moreover, in forming wiring 24 by the dual DAMASHIN method, in case a connection hole is 
formed in the position of the above-mentioned insulator layer 1 1 by the dual DAMASHIN method 
and it forms wiring 24, the conductor which forms wiring 24, for example, copper, is embedded, 
and a plug is formed also in the interior of a connection hole. 

[0062] By the 1st manufacture approach explained by above-mentioned drawing 5 After forming . 
in the interior of a wiring gutter 22 the wiring 24 which consists of copper through the 1st barrier 
layer 23, the interlayer insulation film 21 around wiring 24 is removed. Wiring 24 and the 1st 
barrier layer 23 are made to project from the front face of an interlayer insulation film 21. Then, 
since the 1st barrier layer 23 is overlapped by the flank bf wiring 24 with a wrap in the upper part 
side of wiring 24 and the barrier layer 25 of a wrap 2nd is formed for wiring 24 with the 1 st 
barrier layer 23, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 
[0063] Therefore, even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd 
barrier layer 25 and one of barrier layers shift when the 1st barrier layer 23 and the 2nd barrier 
layers 25 overlap, contact in the 1st barrier layer 23 and the 2nd barrier layer 25 will be 
maintained in overlapping parts. That is, it is because a barrier layer comrade's adhesion force is 
strengthened by forming so that the 1st barrier layer 23 and the 2nd barrier layer 25 may be 
overlapped. Therefore, since the 1st barrier layer 23 and the 2nd barrier layer 25 do not 
separate, the copper which a clearance opens in the meantime and constitutes wiring 24 does 
not move outside (or diffusion). Therefore, even if it forms wiring 24 with copper (or copper alloy) 
as mentioned above and uses the silicon oxide film for the above-mentioned interlayer insulation 
film 21, the copper under wiring 24, for example, the ionized copper, does not move into an 
interlayer insulation film 21. 

[0064] Moreover, in the manufacture approach of the above 1st, the interlayer insulation film 21 
has a laminated structure of the low dielectric constant organic film and the silicon oxide film. 
The upper part of an interlayer insulation film 21 is formed by the silicon oxide film, and when the 
thickness of the silicon oxide film is 30nm - about 100nm In order to make wiring 24 and the 1st 
barrier layer 23 project, in the process which removes the upper part of an interlayer insulation 
film 21, all the silicon oxide film parts of an interlayer insulation film 21 may be removed. 
[0065] Next, the production process Fig. of drawin g 6 explains the gestalt of the 1st operation 
concerning the 2nd manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
device explained by said drawing 2 , and was shown by said drawing 2 , and the same 
components in drawin g 6 . 

[0066] the approach same as shown in (1) of drawing 6 , i.e., DAMASHIN generally known, as (1) 
of said drawin g 5 explained — after forming a crevice (it explains as a wiring gutter hereafter) 22 
in an interlayer insulation film 21, the 1st barrier layer 23 is formed in the inside of a wiring 
gutter 22 by tantalum nitride or the tantalum by law as an ingredient which has barrier property 
to a copper atom and a copper ion. Furthermore, after forming a copper seed layer in the inside 
of a wiring gutter 22 through the 1st barrier layer 23, the interior of a wiring gutter 22 is 
embedded with a conductor (for example, copper) by the electrolysis galvanizing method etc. 
Then, for example by CMP, the excessive copper on an interlayer insulation film 21 and the 1st 
barrier layer 23 are removed, and the wiring 24 which becomes the interior of a wiring gutter 22 
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from copper through the 1 st barrier layer 23 is formed. 

[0067] Subsequently, as shown in (2) of drawing 6 , an interlayer insulation film 21 is etched. 
Conditions into which the interlayer insulation film 21 in the side periphery of the 1st barrier 
layer 23 is etched in the etching conditions in that case are chosen. In for example, the case of . 
the silicon oxide film with which an interlayer insulation film 21 contains 10% - 20% of carbon a 
magnetron mold etching system — using — etching gas — an argon [ trifluoromethane / 
(CHF3) / [a supply flow rate is set for example, to 5sccm(s)] ] — an oxygen (02) [supply flow 
rate is set [ (Ar / [a supply flow rate is set) for example, to 20sccm(s)] ] for example, to 5sccm 
(s) — ] — using — What is necessary is to set the pressure of an etching ambient atmosphere 
as 5Pa, to set impression power as 600W, and just to carry out whole surface etchback of the 
interlayer insulation film 21 as an example. A slot 26 is formed in the interlayer insulation film 21 
near the top section of the barrier layer 23 of the above 1st by, carrying out etchback on such 
conditions. 

[0068] Then, as shown in (3) of drawing 6 , the 2nd barrier layer 25 is formed so that the above- 
mentioned slot 26 may be embedded, and so that the above-mentioned wiring 24 may be 
covered from an upper part side. Thus, since the 2nd barrier layer 25 is formed, the 2nd barrier 
layer 25 will be in the condition of overlapping the barrier layer 23 of the above 1st by the flank 
(side face) of the above-mentioned wiring 24. This 2nd barrier layer 25 is formed with silicon 
nitride as an ingredient which has barrier property to a copper atom and a copper ion. Thus, 
wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 
[0069] With the gestalt of the 1st operation concerning the 2nd manufacture approach explained 
by above-mentioned drawing 6 Wiring 24 is formed in the interior of the wiring gutter 22 formed 
in the interlayer insulation film 21 through the 1st barrier layer 23. Subsequently, since the 2nd 
barrier layer 25 is formed in the condition of embedding a slot 26 for the upper part side of wiring 
24 with a wrap after removing the interlayer insulation film 21 near the top section of the 1st 
barrier layer 23 and forming a slot 26, wiring 24 is covered with the 1st barrier layer 23 and the 
2nd barrier layer 25. 

[0070] Therefore, even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd 
barrier layer 25 and one of barrier layers shift when the 1st barrier layer 23 and the 2nd barrier 
layers 25 overlap, contact in the 1st barrier layer 23 and the 2nd barrier layer 25 will be 
maintained in overlapping parts. That is, it is because a barrier layer comrade's adhesion force is 
strengthened by forming so that the 1st barrier layer 23 and the 2nd barrier layer 25 may be 
overlapped. Therefore, since the 1st barrier layer 23 and the 2nd barrier layer 25 do not 
separate, the copper which a clearance opens in the meantime and constitutes wiring 24 does 
not move outside (or diffusion). Therefore, even if it forms wiring 24 with copper (or copper alloy) 
as mentioned above and uses the silicon oxide film for the above-mentioned interlayer insulation 
film 21, the copper under wiring 24, for example, the ionized copper, does not move into an 
interlayer insulation film 21. 

[0071] Next, the production process Fig. of dr awing 7 explains the gestalt of the 2nd operation 
concerning the 2nd manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
device explained by said drawing 3 , and was shown by said drawing 3 , and the same 
components in drawing 7 . 

[0072] By the same approach, a crevice (it explains as a wiring gutter hereafter) 22 is formed in 
an interlayer insulation film 21, and the wiring 24 which becomes the interior of the wiring gutter 
22 from copper through the 1st barrier layer 23 is formed as (1) of said drawing 6 and (2) 
explained. Subsequently, etchback of the interlayer insulation film 21 is carried out, and a slot 26 
is formed in the interlayer insulation film 21 of the top section of the barrier layer 23 of the 
above 1st. 

[0073] Then, as are shown in drawing 7 , and the above-mentioned wiring 24 is covered from an 
upper part side so that the above-mentioned slot 26 may be embedded and, the 2nd barrier layer 
27 is formed on an interlayer insulation film 21. This 2nd barrier layer 27 is formed by low 
dielectric constant organic film like for example, the aryl ether as an ingredient which has barrier 
property to a copper atom and a copper ion. Thus, the 2nd barrier layer 27 is formed in the 
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condition of overlapping the barrier layer 23 of the above 1st by the flank (side face) of the 
above-mentioned wiring 24. 

[0074] Therefore, the same operation effectiveness as the gestalt of implementation of the 
above 1st is acquired. That is, since wiring 24 is covered with the 1st barrier layer 23 and the 
2nd barrier layer 17 even if it forms wiring 24 with copper (or copper alloy) as mentioned above 
and therefore uses the silicon oxide film for the above-mentioned interlayer insulation film 21, 
the copper under wiring 24, for example, the ionized copper, does not move into an interlayer 
insulation film 21. 

[0075] Next, the production process Fig. of drawing 8 explains the gestalt of the operation 
concerning the 3rd manufacture approach of this invention. The same sign is given to the 
component part which showed as an example the manufacture approach of the semiconductor 
device explained by said drawing 4 , and was shown by said drawing 4 , and the same 
components in drawin g 8 . 

[0076] As shown in (1) of drawing 8 , semiconductor devices (for example, a transistor, capacity, 
resistance, etc.) are formed in a semi-conductor substrate (illustration abbreviation), and lower 
layer wiring, a circuit pattern, etc. are further formed in it. On such a semi-conductor substrate, 
the wrap insulator layer 1 1 is formed in those components, wiring, etc. An interlayer insulation 
film 21 is formed on the insulator layer 1 1. This interlayer insulation film 21 is formed by the 
cascade screen of organic film, such as for example, the aryl ether, and the silicon oxide film. Or 
it forms by the so-called low dielectric constant film, such as a cascade screen of the 
fluororesin film and the silicon oxide film, fluorine oxide-ized silicon film, organic SOG film, and 
inorganic SOG film. It is required for a design rule to contain the low dielectric constant film with 
the device after 0.1 3-micrometer generation especially. 

[0077] then, DAMASHIN generally known — after forming a crevice (it explains as a slot below) 
in an interlayer insulation film 21, the 1st barrier layer 23 is formed in the inside of a wiring 
gutter 22 by tantalum nitride or the tantalum by law as an ingredient which has barrier property 
to a copper atom and a copper ion. Furthermore, after forming a copper seed layer in the inside 
of a wiring gutter 22 through the 1st barrier layer 23, the interior of a wiring gutter>22 is 
embedded with a conductor (for example, copper) by the electrolysis galvanizing method etc. 
Then, for example by CMP, the excessive copper on an interlayer insulation film 21 and the 1st 
barrier layer 23 are removed, and the wiring 24 which becomes the interior of a wiring gutter 22 
from copper through the 1st barrier layer 23 is formed. 

[0078] Next, as shown in (2) of drawing 8 , only the upper part where the top face of wiring 24 
becomes low rather than the front face of an interlayer insulation film 21 and which is wiring 24 
that it will be is etched alternatively. It is desirable to form the height of the level difference of 
wiring 24 and the 1st barrier layer 23 in at least 30nm or more by the above-mentioned etching. 
It is because a lap part with the 2nd barrier layer formed behind decreases, it becomes difficult 
to secure sufficient barrier property and it becomes being the same as that of the structure of 
the conventional barrier layer, when the above-mentioned level difference is 30nm or less. 
[0079] Subsequently, as shown in (3) of drawing 8 , sputter etching or hydrogen plasma etching 
removes the front face of wiring 24 for an oxide film etc. Then, for example by sputtering, the 
2nd barrier layer 25 is formed on an interlayer insulation film 21 so that wiring 24 may be 
covered. The barrier layer 25 of the above 2nd is formed by the tantalum, tantalum nitride, etc. 
as an ingredient which has barrier property to a copper atom and a copper ion. As the other 
membrane formation approaches, it is also possible to use the membrane formation approaches, 
such as a steamy method and a CVD method. 

[0080] In addition, in order not to make the front face of wiring 24 generate an oxide film, it is 
desirable to perform the period until it forms the 2nd barrier layer 25 from the above-mentioned 
sputter etching or hydrogen plasma etching by the non-oxidizing atmosphere. For example, the 
so-called in situ Processing is desirable. For example, by sputter etching, 5nm - about 20nm is 
etched, and the 2nd barrier layer 25 which consists of tantalum film by sputtering continuously is 
formed after that. As for this tantalum film, it is desirable to form in the thickness of 20nm - 
about 75nm. Barrier property sufficient in less than 20nm is not obtained. On the other hand, by 
the thickness exceeding 75nm, processing will take time amount and wiring resistance will 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tran_web_cgi _ejje 



2004/12/01 



10/11 s<— V 



become large too much. 

[0081] Then, as shown in (4) of drawing 8 , CMP removes the 2nd barrier layer 25 on an 
interlayer insulation film 21. Consequently, the configuration whose 1st barrier layer 23 and 2nd 
barrier layer 25 overlap in the top section of wiring 24, and cover wiring 24 with the 1st barrier 
layer 23 and the 2nd barrier layer 25 in a wiring gutter 22 is completed. Thus, since the 2nd 
barrier layer 25 on an interlayer insulation film 21 is removed, it becomes possible to form the 
2nd barrier layer 25 by the tantalum nitride and the tantalum of a conductor. 
[0082] Then, although illustration is not carried out, an interlayer insulation film 31 is formed on 
the 2nd barrier layer 25 and an interlayer insulation film 21 like said 1 st. manufacture approach. 
As for an interlayer insulation film 31, it is desirable to include the low dielectric constant film. 
Although the aryl ether was used in this invention, otherwise, it is possible to use organic 
[ SOG ], inorganic [ SOG ], a fluororesin, xerogel, etc. 

[0083] In addition, it is also possible to form the barrier layer 25 of the above 2nd by insulator 
layers, such as a silicon nitride film explained by said 1st manufacture approach and 
hydrogenation silicon carbon. The membrane formation approach in that case, membrane 
formation conditions, etc. are the same with having explained by the 1st manufacture approach. 
[0084] Moreover, in the manufacture approach of the above 3rd, although illustration is not 
carried out, the plug is formed in the location to a connection hole and its interior predetermined 
[ of the above-mentioned insulator layer 1 1 ]. Moreover, in forming wiring 24 by the dual 
DAMASHIN method, in case a connection hole is formed in the position of the above-mentioned 
insulator layer 1 1 by the dual DAMASHIN method and it forms wiring 24, the conductor which 
forms wiring 24, for example, copper, is embedded, and a plug is formed also in the interior of a 
connection hole. 

[0085] By the 2nd manufacture approach explained by above-mentioned drawing 8 After forming 
in the interior of a wiring gutter 22 the wiring 24 which consists of copper through the 1st barrier 
layer 23, the upper part of wiring 24 is removed. Make the top face of wiring 24 lower than the 
front face of an interlayer insulation film 21 , overlap the 1 st barrier layer 23 by the flank of wiring 
24 with a wrap in the upper part side of wiring 24 after that, and wiring 24 from forming the 
barrier layer 25 of a wrap 2nd with the 1st barrier layer 23 Wiring 24 comes to be covered with 
the 1st barrier layer 23 and the 2nd barrier layer 25. 

[0086] Therefore, even if the stress of wiring 24 is added to the 1st barrier layer 23 and the 2nd 
barrier layer 25 and one of barrier layers shift when the 1st barrier layer 23 and the 2nd barrier 
layers 25 overlap, contact in the 1st barrier layer 23 and the 2nd barrier layer 25 will be 
maintained in overlapping parts. That is, it is because a barrier layer comrade's adhesion force is 
strengthened by forming so that the 1st barrier layer 23 and the 2nd barrier layer 25 may be 
overlapped. Therefore, since the 1st barrier layer 23 and the 2nd barrier layer 25 do not 
separate, the copper which a clearance opens in the meantime and constitutes wiring 24 does 
not move outside (or diffusion). Therefore, even if it forms wiring 24 with copper (or copper alloy) 
as mentioned above and uses the silicon oxide film for the above-mentioned interlayer insulation 
film 21, the copper under wiring 24, for example, the ionized copper, does not move into an 
interlayer insulation film 21. 

[0087] In addition, it is also possible to consider as the structure concerning the semiconductor 
device of this invention as shown in drawing 9 as a gestalt of the 5th operation. It is explained 
below. 

[0088] As shown in dr awin g 9 , the crevice (it explains as a wiring gutter hereafter) 22 is formed 
in the interlayer insulation film 21 which constitutes some semiconductor devices. It is formed in 
this wiring gutter 22 at the condition that wiring 24 projects from the top face of the above- 
mentioned interlayer insulation film 21 through the 1st barrier layer 23. And the 1st barrier layer 
23 is formed also on the interlayer insulation film 21 around a wiring gutter 22. Thus, in order to 
form, after removing the conductor (for example, copper) for forming wiring deposited on the 1st 
barrier layer 23 in CMP, it is necessary to carry out patterning of the 1st barrier layer 23 
according to the so-called mask process (a lithography technique and etching). In addition, the 
barrier layer 23 of the above 1st is formed by tantalum nitride or the tantalum as an ingredient 
which has barrier property to a copper atom and a copper ion. The above-mentioned wiring 24 is 
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formed with copper or a copper alloy. 

[0089] The 2nd barrier layer 25 which furthermore covers the above-mentioned wiring 24 from 
an upper part side is formed in the condition of overlapping the barrier layer 23 of the above 1st 
by the flank (side face) of the above-mentioned wiring 24. This 2nd barrier layer 25 is formed 
with silicon nitride as an ingredient which has barrier property to a copper atom and a copper 
ion. Thus, wiring 24 is covered with the 1st barrier layer 23 and the 2nd barrier layer 25. 
[0090] Also with the gestalt of implementation of the above 5th, the same effectiveness as said 
1st explained operation gestalt is acquired. 

[0091] When the lap width of face in the lengthwise direction of a wiring cross section with the 
1st barrier layer 23, the 2nd barrier layer 25, or the 2nd barrier layer 27 explained with the 
gestalt of each above-mentioned implementation was required however had the thickness in the 
side face of the wiring 24 of the 1st barrier layer 23, or the side face of a wiring gutter 22, and 
more than comparable [ about 45nm / a maximum of], it came out enough and a certain thing 
was checked by experiment of an artificer. 

[0092] The 1st barrier layer 23 and the 2nd barrier layer 25, or the 2nd barrier layer 27 explained 
with the gestalt of each above-mentioned implementation can be applied also to a dual pellet syn 
conformation. 

[0093] Moreover, even if it is the configuration which made vertical reverse the configuration 
explained with the gestalt of each above-mentioned implementation, it enters under the category 
of this invention. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline configuration sectional view concerning the semiconductor device of 
this invention showing the gestalt of the 1st operation. 

[Drawing 2] It is the outline configuration sectional view concerning the semiconductor device of 
this invention showing the gestalt of the 2nd. operation. 

[Drawing 3] It is the outline configuration sectional view concerning the semiconductor device of 
this invention showing the gestalt of the 3rd operation. 

[Drawing 4] It is the outline configuration sectional view concerning the semiconductor device of 
this invention showing the gestalt of the 4th operation. 

[Drawing 5] It is the production process Fig. showing the gestalt of the operation concerning the 
1st manufacture approach of this invention. 

[ Drawing 6 ] It is the production process Fig. concerning the 2nd manufacture approach of this 
invention showing the gestalt of the 1st operation. 

[Drawing 7] It is the production process Fig. concerning the 2nd manufacture approach of this 
invention showing the gestalt of the 2nd operation. 

[Drawing 8] It is the production process Fig. showing the gestalt of the operation concerning the 
3rd manufacture approach of this invention. 

[Drawin g 9] It is the outline configuration sectional view concerning the semiconductor device of 
this invention showing the gestalt of the 5th operation. 

[D raw ing 10] It is a production process Fig. explaining the formation approach of wiring by the 
conventional DAMASHIN method. ' 
[Description of Notations] 

21 [ — Wiring, 25 / — 2nd barrier layer ] — An interlayer insulation film, 22 — A crevice (wiring 
gutter), 23 — The 1st barrier layer, 24 
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tiTUSo ±EE»2 4li, fl*.f*Mt>L<f*flte*T 
Bf£2tiTl\Z 0 10 

[0029] s6fc±Eie»2 4«±swiicfey«ii-r* 

35 2 (DA U712 5 ±E3S 1 OA U712 3 <h±E 

i\S 0 co352A'J7l2 5(4, ffl«^fcJ:rXfl-ir*> 
lC>btUTA'JTtt^Wt-^cte>^«*4chUT, 0iJx(4^ 
{bi>U=3>Tff^$nTL\^ 0 COctplCLT. E»2 
4 fiig 1 OA "J 71 2 3iS2^iJ782 5<h(Ccfco 

[0030] ±iespa»»K2 i 14, mfKitute 

Tfc<J;<. £/zl4¥*I*fcO^#OfcOT&^T*>J;<, 

So 

[0 0 31] ±E35 1 ^HSfiO^SSTIi, ESS 2 40T 
gP^'J J: U C(Die 2 4 ^tS^-TS^ 1 OA 'J 7S 2 3 

±EE»2 4 0±»fflJ:yC(3!)EI«2 4**«r« 
S2©AU7S2 5 i*«it. Sl^A'J7l2 3(f:S 
2 OA y 71.2 5 4#E« 2. 4 OttHSTift U ft o TIE 30 
J§2 AfimmZtlTl^ZtfrZ. E»2 40XhU* 
#31.1 OAU712 3*5cfctf3l2 0Ay 712 5 (CjjQ* 
t>*lT*K m 1 OA "J 71 2 3 <h^2 (DA y 71 2 5 £ 

U 71 (fl^.tfa2(0AU7l2 5) #^rtlfc<h 

■fty*oTVSa#T*1 OA "J 71 2 3iS2 
OA'J7l2 5<tIi««*«»UTtx« 0 
[0 0 3 2] -Ttt*>^ m^ OA'J7l2 3<h3520A 
U712 5£#«fcy*?ci:IC<fci.K AiJ7»H*© 
Ei*^«(t$ntl^o ^0£:#K »10AiJ7l2 40 
3<hS2(OA'J7l2 StOTitlT. -tOM^6Ell2 
4*««-T*Afll^», r/j:t)*6BPB B llfeSK2 1 O* 

Arcsn (t>u<ii*itt) t^c^^Oo Tfcfc-tK 

E*S2 40X fg 1 OA "J 71 2 3 d: 

35 2 OA 'J 71 2 5<tTE82 4 *»«L/Tl\-5«ffi(4 
^^bb/cCOo Ufc^T, E»2 4*«JSRf*ffl^ 01 
Afi>f*>ft:UTE»2 4(Di§H(DirBl$fe^JS2 1 +IC 

[003 3] ;^(c, *mw<D*mi*giWizmt>z>m2<D 
nmvmmzs m2<Dmmnmmmmiz^z>xmmT 50 



S c ftfc, H2TI4; ituESl <fcH«OflWc»filciiH 
[0 0 3 4] 02 iC^fct 5 IC, ¥8H*SBO— W*« 

«-rsirBij6»K2'i ic(iia» (jut, Ej^n^uTia 
w-rs) 2 2«f«dtatir^« 0 ±EilmfeiMt2 1 

(4. «Af«ft$/yi]>T»j»StiTl**. coEISit 
2 2IC(4, ffl OA 'J 71 2 3^LTS82 4 M&ft 
StlTOSo CO£?(C, 311 OAy 712 3I4±EE 
Jg2 4*TfflftiJ«tya«lyTt^.-*1 ^)A'J712 3 

(4. P^fectr/^-r^>ic^LT/Ky7tt^w : rSct 
5 £»*4<t LT, WiLliEfl:* >*;U*> U< (4* >*JI/ 

r^^^tiTcvSo ±EE»2 4(i, mz-&m*>u<i* 

[0 0 3 5] $ e>lC±E35 1 OA 'J 71 2 3 0±fl!JfflO 
RintftK0l2 1 ICI43I2 6**»/SS*U f^S2 6£H 

»ab*5fc^-3±EE»2 4*±w«<fey»«r««k 

5IC3520AIJ 712 5#JBJ565tlTt\«o CO<£?(C 
3520A'J7B2 SMM^ntl^Cclr^b, 3S20 
A U712 5 (4±E35 1 OA y 71 2 3 i±EE» 2 4 
OflJSfl (ftO®) T«fcy^?ttlBlC«:oTl\S. C035 
2AIJ712 5(4, fflfiK^fc<fctfffl^*>(C»OTAy 

7tt**t6<t.5fttt»tur, y a >T 

ftSo C<D<fc2)(CUT, E»2 4 I4|g1 (DA'J 712 3 
<h^2(D/\*'J 712 5<h(Cct^Tt6a$tXTOS 0 
[0 0 3 6] ±E»2 0jHfitoJBHBT(4,- E^2 4®« 
35T^1 <D/^ 'J 71 2 3 £§&2<DAy 71 2 5 <h^WcC 
y^PttffllC Sl©AU7l2 3(tS2©/tU7a2 
5<hTKlS2 4$»IUTl^©T, 8uE^ 1 <DHJS<D 

«in*Bi*fc, e*2 4efltjs-r£fl0<* ^jx.f4-r^-> 

<kUTE^2 4<DiiH<DeP B 1»»K2 1 tplZ&MTZ><D 
■ SB 1 OA 'J 71 2 3 £31 2 OA y 71 2 5 <h"CPI± 

[0 0 3 7] *S§wo^Sf*gafc«t>SS3 0 

[0038] 03 (CTF-r ct o \z. *m&gim<D-^zm 

fiE-rs«Pa«»K2 1 icliHgp (JUT,. EisaiturK 

14. y a >T**atin>«. cOElSii 

2 2 IC(4, m 1 0/\' 'J 71 2 3 LTEJ® 2 4 tfiJ&OL 
^tlTt^So COcfc^lC, Sgl OAIJ7B2 3li±EE 
B2 4*T9B«J:y»«UTO«. Si OA 'J 71 2 3 
(4, P^fcJ;^P-r^->{c^tL;TyKy7tt^^-rSc*; 
p/ci:«*4<h UT. WxfiSft^ >*;U*> U < (4^ 
TJB«£*lT.l\*. ±EE»2 4I4, #iJx(4^ ! bU<l4 

[0 0 3 9] $6 (C±E» 1 Oy\* y 71 2 3 0±«WiB 
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ti»ab± ? lC^O±IfiE« 2 4 £±gflfflij cfc U ««T 

PICS2^'J712 7^fiE$nTC>^C<h^e>. 
2©/^J7l2 7li±Eai.©Ay7l2 3<h±ie@SiSg 

2 4CDfiygp (my®) Tntzv-svvtmizte^T^Zo c 

(DS2/tiJ7B2 7fl «JK?feJ:tfB^*>lC»lyT 
Ay7l4*Wr*±?£»»<fcUT\ fflZl£7V-J\,x. 

-T)i><D£?te&mmmmMmT*nmt!tiTi\z> 0 ceo 

U 71 2 7 <hlCcfcoT»«S*lTlv5. 
[0 0 4 0] fcfc, ±EJB2 0AU7«(C«B!«M« 

[0 0 41] ±EJB3(DjtSS©JB«T(i, EIK2 40)®} 
S|itSl ©Ag7B2 3 £3S2©Ay 7JI2 7 titfWtt 
U^r?««R(C. Sl^U7l2 3i^2C0AU7i2 
7£-CKJg2 4£|&?I.UTO<5<DT\ iBES 1 ©HSfe© 

italic, k<S2 4c«utr«fl«(« mxii«(*> 
itux^B2 4<Dmmcommmmm2 1 *iz&W)Tz><d 20 

S 1 O/K 'J 7H 2 3 i« 2 (DA U 71 2 7 iTB± 

«ci^t§ 0 &rc. m2<D/*vTm2n*. Egg 

2 4«fc*©±SHc»jSS*i*EI* (H«1*r) £©E|g 
IB'©»BWilll<tUTffl^*ct*JRrttT**. 
[0 0 4 2] ifclC, «9BncD¥«*ttBKCftt>«ff4 0E) 
MfeQJBtt*. H 4 OIKiJSKBHfc J:?TKRt 
£0 £*5, H4T(t AuEHl <fcH«<&«J«ffiSICI*|H| 

[0 0 4 3] 0 4 (CTF-r^^fC, ffi*« 

a-rs«pa«»K2 1 icapgs (ut. eiki&ltk 30 

2 2#»*ShTi^. ±EJIII<tHHl2 i 

2 2 ©fig (JStf>dtt) SI ©AU7B2 3 0* 

«ktffi^*>i:«l/TA'J7tt«tt*J:5att«4L 

O*. ££lcJ:fSK*!S>g2 2fc(i, ±ES10AU71 
2 3£^UTE|g2 4#±E«fia«SK2 1 ©±B£y 

fl6U<ttfl^ATJBtt3*rri^«. 40 

[0 0 4 4] OfctfoT. ±EEIMt2 2rtfCfcl\T± 
ERA 2 4 OffllJ^±lC t>±E* 1 ©A 'J7I2 3 
Sft, 1 O/t 'J 71 2 3 IC *p T±|EE» 2 4 O 

[0 0 4 5] $6 IC±EEtt 2 4 £±3MRiJ<fc U «?I <T£ 
m 2 ©A 'J 7/1 2 5 # % ±ES 1 0>A U 7H 2 3 <h±IB 

Ett3(2 2(o«iBTaay«5«fflic«jai*nTo*. 

C^2A"J7l2 5lt ««^fccfctfffl^*>lC»U 



1 ©AU7S2 3£SS2<DAy7Jl2 5 £ iZ JcoT&ffl 
[0 0 4 6] ftfc, ±ESPb1»»BS2 1 H^li^a: 
SI, afa*©*»**^E»*»«-r*t)fl!>T*o 

*/Li*E»iie*a-r*t>fl!)T7.*oTt)«feiv 0 -ra* 
atto¥««KBicffli\&nri\«siiittiuiT« 

[0 0 4 7] ±IS^ 4 O**© JB«T(*» SE&I2 4 OT 

wfty j: u ^<dejs 2 4 i <on y im 2 3 

±EEtt2 4 0)±ffflO<feyCO!>EtK2 4««fl|-rft. 
S2©A'J7i25(t^i^ Sl©A'J7l23<hS 
2(DA'J712 5<t^E«^2 2 0«»n&«*oT 
E«2 4^tftBStiTU-5ci:^6. R*!g2 4 h U> 
*#SB 1 <£>A 'j 71 2 3 fccfctflfS 2 ©A U 71 2 5 ICJP 

a.e>ttr*>, s i y 7i 2 3 <ts 2 o/t u 712 5 
<fc#«fty^TO£c<fcic<fcy* Acc^^l. E*>*>tp<D 

AU7S (PliLtfS2(OA'J7S2 5) ^WciUT 
*k «S:y»oTl\*W#TJBl OAU712 3<hS2 
©AU7I2 5<h©£Mteft#£n* e 
[0 0 4 8] ^-fttofe, Si ©AU712 3 tS20A 
U7H2 St^IftU^iCtlCckU, /<>J7JinS4>' 

3<fcSB2<0AU7B2 5<t*BtlT» *©BB^6E»2 

4 ««jft-r«M«f^tf.' rat>«ttmiUMi2 1 

EII2 4<D* hU*#«H\Tt>, Ml ©AU7B2 3 <t 
3S2(0AU7JB2 5 <k-CE»2 4£»ttUT05tt«li 
K*>6fcl\, UfcX^T* El2 4«iAt«fl^ ffi 
;ttf^*>{bUTEi|8 2 4 0MH0MMUMI2 1 + IC 

[0 0 4 9] ;*ic. *mw<Dm^ <DHJS*5ifc«*>*jt 
C0)Mt. 0 5©giilS0lc<fcoTI&^?-3o 0 5 

[0 0 5 0] 05© (1 ) iCTFf cfcPlC. . 

§s. stt:^) tfmmzti. *6ictjie». ss^ 
tin\*. s t<Dt&mm^ i ±ic, ■IIIHM2 1 «»a 

tS« c©«^lfeSJS2 1 fi, 0iJA(i7U-;Px-^u 

Ml. Bft7y«ft->y MSOGI, Mitts 

V4»V-)VifiQ. 1 3 umffiftlUBO^A^ XTIt 



( 7 ) 
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[0 0 51] t<D'<£, -«WlC»6ftTl\£^V->>>£ 

ic^-dt, mmmmm2 1 icpaas out. is*s>i<tur 
awr^) 2 2£iffc*8u/z?£. wzmm2 2<Dftm\zmi 

u<it*>*)i'-emtfL-tz>o $e>ic w.mm2 2<D&m 
y, gr s i^M2 1 ±(o^&Sfcd;^i 10 

2 3^iLT, SeJSi«2 2(DrtSPfc35 1 <D/\*y7Jf2 
[0.0 5 2] ;*|C, mS<D (2) (CTF-r^PlC, g£l|g 2 

4o®m<DmrBmmm2 1 ^x^^iccfcy&^u 

Tx /ir B 1^m2 1 (D*McfcUlH^2 4d:^1 O/KiJZ 
M2 3 t&^&Zl+Zo Ufztf-iTs 3&1 <D/\*U 7J1 2 
3f*±ieiMg2 4^TgP«yj;U«aUTC\^^(c:/ci:o 

[0 0 5 3] ±isx^^>^t(^ /ip B i^fli2 1 tm 

<bvU^>R(Di§^ mifSS#0. 1%-1. 0% 20 
<D7vWK18 : &, CCTIi-fflJchUTO. 5%tf>:7yK 

7**5, 0. 1 %*«<Oigg<7)7^yK7KS«^fflt^rc^x 

Hffl^Tli^<, 1. 0 y^Jcjg&^ffll* 

7c^x^ hx^^>^Tii^^ 5 fox-/^>^5nr 
u£?cdt#£u<£:Oo *tz. m?m.mm2 i#, 7 

iJ-;Ux-^UCDcl:e)/j:^m*^McDii^lcii, 7j< 
^^^Xvx^^>^t>U<li^^^Xvx^>>^/ 
lci:tj^^-^ e ftfc, ^y^X^x^^>^ffii> 30 

^e>, cox ^5^>^<h;^(c^e>^ 2 <t)a y 7m<Dfcf$. 

"5. l\*>tf><5in situ WS£tr? C <h#M£ 
[0 0 5 4] g=7t. ±!SSre1^K2 1 <7)X^>^£ 

OZ.£*>»imT*&Z> 0 CCDif^ 351 CD/\*y7Jl2 3 CD 
±^*>Xy^>^£tl<5i§^#<fc3o ft*3. S10AU 
TM2 3<D±$ltf^v3 L >?i*fttz<tUT*>, t<D'&\Z 40 
Jfc/#£*l<5§& 2 ODA y TilOgS 1 CDA U 7/1 2 3 IZ^fT 

-5S/c£U«^-h^icfit«T^^cfce>ic, -r&fc^ x>> 
5 i >^or)^rpiffi^2 1 (omm&vmi <o/<VTm2 

3^30n m&L±<DW>2 \Z%kT£ V lZ % ±iexy^>^ 

[0055] ±tmr$t&mm2 1 cox^^v^iccto 
Tv jimiejwH 2 1 <tjg 1 cda y 711 2 3 <t<D&mv>n 

<tt> 3 0 nmfel±fCJBJffi-r*C<!:^»*U 
^^^2(D/^yz^c!:<7)a^U^^/ci:</<j:U, + 50 



[0 0 5 6] *|C, ( 3 ) (C^-Tct O IC, ±EK 

»2 4*ac»J:p(c±ESraift»K2 i±ic»2<OAy 
«COtt»K-r^fig-r^c *<0«Jt*St4:l/Ttt, CVD 

x-/^>^<hin situ i&m?z>c£Witi&i,{,\ 0 mx 

7*ig:/^Xv£ffl07cX^>^{C<fcy, 5nm<- 
2 0nmiBXyf>y*fTlV MLT^ 
(JUT, CVD<hU^K C V DliChemical V 
apour Deposit ion(OB&) ;£ led: *J ^<b*> "J □ 
£S5 2<E>Ay7Ji2 5^^-T^o 
[0 0 5 7] SIH!MUt2 1.JWMUII©»*fC(*. 7jc^ 
y^Xvt>L<li^^y^Xv^ffll\7^x^5 1 >^lCj: 
0 1 0nm-1 0 0 n mfigx^^V^U, ^CD^, C 

v D : &\z&vm2<DrtVTm2 5 *a<b-> y □ >mxm 

tfLTZo Z.<D<£$. ift5/'Ja>ili2 0nm-1 0 0 

asTCi+^ttAyrtt^en^t^ — i oonm 
*aA*ism iE»8i#*«<ftu, »^u< 

^c<h(Ccfcu, IEH2 Aommomtm (m<om<m) 

£JLy^>#\^ x [H]B$[CgS^2 4(DSI^^ \)-->tf 
LT, S^bv'J □>l/l^SSi2 0AU 7a2 5<h<0 

[0 0 5 8] CV DjfCaftv'J □>IH^6«:S 

2 CD/\' IJ7I2 5 ^ff^-r^^lCli, BK 2 4 ±COK 
HJ: U <be«t.2 4 (DffiBOH*^9l< ft* J: 5 (cJBjaf 
*ci*«ff*U^. *titt, EWIKcKftS/y 

pa8«^)±»*»*j-r*fe»-e»-5 rf to/tubs cvd 

TCVDKKffllNTttlllSfiJictUo t>L<(*. ¥ 

XSfiJaT4«c**#i:-r-5. ¥fr¥«S^X^CV 

dt^llfflmOS^* 1 .' 0 3 k P a % fiSJKSS* 4 0 0 

^□■fe^^fXJt^ty y5> CS i H4 ) : 
-7 (NH3 ) = 3 : 1g£lCSS£-r£* $b(C, CV 

D<om.m\z, 7km7^x^to&ztmm7^x^<Do%<D 



( 8 ) 
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T\ J*KS££2 o ox;~4 o o*C* zfn-kxrtxltG: 

ty>7> (S i H4 ) : SIR (N2 ) = 3 : 1 . 5~ 

[0 0 5 9] ±&<D£?AZUTm2<D/* i J7m2 5 
m?Z>£* S2^"J712 Sit. R»2 4<&±gMB* 
mo££*>lz$M&2 4<0ffli]fflTBl <OA*y 7J12 3 4M 
tt«*oT. E»2 4*«1 AU7JB2 3<ti«>(c«« 

-r <&<> 

[0 0 6 0] -t<0». (4) [C^-Tcfc-Pic, ff52 

OAU7I2 5±lcBnfettB3 1 «rJBSW-* 0 J1Pb1& 10 
*§JBI3 1 (*, BBBWBtdtfCiMBSLI*. *&H 

G, lasOG, 7yB«Bl. *-feP^Hf*fflC\*C 

[0 0 61] fcfc. BSttU&Htf, ±E*fe»K 1 1 <D 

TO£ 0 7 r zL7^V->>;ifZcfcyiE»2 4^JK 

J*t-«»^lc(i, ±EBBB1 1 ©Bfffi©ffiBlC7 s i7 

^v-»aic«tuBi«a*»«u Ett2 4«iBA-r 

*BIC Bft7LrtSfc:«>Ett2 4«Mt«i«#. fl 20 

[0 0 6 2] ±EB5 IcfcoTttWUfcB 1 OHJt*;* 
EBB2 2(0rtH$lcBl <0AiJ7B2 3**hUT 
B«fcyfc*E»2 4*JBiaiUfc»* EJ82 4 0Jia<D/i 
H16BH2 1 $RSUT, BM&BB2 1 <D«H«fcUE 

»2 4<kaBi ©AU7B2 3t*seas*-a:. ^<o&, e 
^2 4o±i»flieB5t4:t>fcEii2 4<&b»tbi <d 

AU782 3<tB>iy^^TE»2 4£Sg1 AU7I2 

3 <k 4 "bCB5» 2 G>/t y 7B 2 5 C 4*> 

6, El® 2 4 |*B 1 <D/i 'J 7B 23^2 (DA 'J 7« 2 30 

54Ccty»Bsn« 0 

[0 0 6 3] E«g 2 4 CDX h L/7^S 1 <OA 

U712 3fc<fctf£2(DAy 7B2 5 lC»liL&ttT*K 
IfSI ©AU712 3 4:SB2(0AU7i2 5^1&y^ 

oTl\*c4ICcfeU, 4-se»^<o/tuTB^-r 

tlfciUTfc* m&y£oTl^8M*TBl ©/tU7l 
2 3 <bfg 2 CDA U7I25 4©BB*««*:n<&. 

Si <0A'J7Ji2 3^20AU7I2 5 4*Btt 
Up^9 \zWt$LtZ> C 4 (cj; U % AiJ7BB£OBB 
*#B<bSn«>t»T**o Ut#oT» SlOA'J7 40 
12 3-&M2®AU7B'2 5 4#Bftfci*<DT. ^(OFe 1 ) 
lcBBMBi*TE»2 4 ««Mt-r«B^VfcBlt (f> 
U<(iffig» ■r*c4t*a:lV, cfcoT, E«2 4*±E 
<0<£?lclPl (6U<tti«*) T»«U ±EBHt6B 
B2 1 (cBfb*>>j3>B«BC^4UTt>. B82 4* 
<DSL «AIW3r>fcLfcWlBI6«|2 1 *IC&M 

[0 0 6 4] ±b*i 0E>cn«9c(cei\T. mm 

•itftoTl^ BMi6BK2 1 4>±aWBfc£'y=i 50 



>«r««sti, t<omitiy y □ >M<0MJ5# 3 0 n m 

- 1 0 0 n mggCDig^lCI*, E3g 2 4 feci: tfB 1 CD/t 

U7I2 3«xus««^»rcBni6fln2 1 <o±s&£ 

[0 0 6 5] ;*ic, 49M0>B2 0fl»#agi::ttt>SB 
1 (DBMMHBB*. 0 6(OgiiI§0lCcfcoTIfc^-f 
3o -WiLT, TOEB 2 IC«tt>TK«L*i 

¥B*BB<Dlt£*&£iFU «rEB2T«Ufc«fi!l» 
S4m«<D»Blci*H-ra**tt*"r*. 
[0066] m6<D (1) fCTF-T «fc O fjEB 5 <£> 
(1) ICJ:oTKMU>t<D4:H«<D*;*, 0$y-flglC 

»6-nTi\*y7-»aic<ty, BM&BR2 1 ichbs 

(JUT. ERliUTRRt*) 2 2*Bj*Wfc*. E 
»B2 2(7)rtI[:Sl (DAU712 3*, MK7-&<fctf 
BW *>IC» l/W U 7tt**rr* «fc 3tt«»4 UT, 
£>Jx. gft;* >*;u*> U < it* 2 e> 

iZ, EBB 2 2^ICS1 OAU7H2 3^LTS 
0>~>-KB*BBU&B. «B»o*a»lcJ:y. Ett 
;f2 2<Ortg{5£?lSte Ti»ao. ^<£> 

tt. RAKCMPCcty, IHRRR2 1 ±<0*4McB 
fccfct^a 1 <DA'J7J12 3^4UT, Eifeg;! 2 2 0Drt 
BSfcSBl <0A'J7«2 3**MxTffl#e>«:*E»2 4£ 

[0 0 6 7] J*lvrB6<& (2) (CTF-TcfceX^ BRfe' 
BR 2-1 -t<OB«)Xyg=->yjfc# 
mi OAU7I2 3 0flBlc«(t«BBBBB2 1 

ffiBR 21#1 0%-20 X©R«*ftbRft'> y □ > 

y^yfJixiz hy 7;u*n>^> (chf3 ) tttig 

REBdfliLtf 5 s c cmcir-r^) <h7;U=f> (A r) 
C«l&3fEBtt«x.(i2 0 s c cm^) 
(02 ) C^SS5&;7fESIi^Jx.tf5 s c cm^n) 4^ffl 

joam^^e o o wcasuT, bbbbb2 i ^±®x 

nc^T, ±EB 1 (OA y 7« 2 3 0>±flHHB&0>B 
rp1ffiBH2 1 ICSR2 6*JB«f «. 

[0 0 6 8] -t<D», 0 6 CO ( 3 ) (C^fcfc O IC, ±E 
B 2. 6 £3«>&tfcfc e> IC*0±EE» 2 4 ^gflfliJcfc y 
tftBf *<fc5lcB2©/<y7B2 5*JBfig-r-5 0 COJ: 
p IdB 2 ©/t y 7«2 5*JBflEr«Ci*»6, R2 0/t 
y 7B 2 5 tt±EB 1 y 7B 2 3 <t±EE» 2 4 co 
ffl'JSP (Bfl) T'l/iU^^iC^o COR2AIJ7 
^2 5(i, ^^fcJ:LK|pl-<^>(C>^UT/\ # y7l4€:^ 
n<fc^Mif4<i:bT, «AfiBflS->y3>TJEJ«r 

CCDctPlCUT, E^2 4(4B 1 O/ty 782 3 <h 
S2(^)AU712 5 4lCj;^>T«a$n^o 

[0 0 6 9] ±ER 6 IC *oTR« LfcR 2 OHl«3 
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LfcE«ai2'20rtW(C*1 ©/<iJ7»2 3*^UTE 
»2 4$MU ftivcflll ©A'J712 30±fliJSKB 

$82 4 0±»«*«3£i:t>i::5»2 6«a»a&b«WC 
$2(DA'J7I2 5*JEflc-r*Ci^6. E*8 2 4 (41g 

1 0A'J712 3<kS2<DAU7B2 5<fclC<fcy««S 

[0 0 7 0] "Z<Dfz#>, EUS 2 4 OX h lxX#g5 1 OA 
U712 3 fc<J;tf3S2 0Ay 712 5 [Ztl^X e>*lT*K 10 

OA y 71 2 3 £35 2 OA 'J 71 2 5<ti»lfty* 
oTl\3C£fC<£y , «b^(OA'J7l^f 

2.3t*2CDAU7ll2 5tO«M**fctl*. 
5. S 1 OA 'J 7B 2 3 iS 2 ©/t U 71 2 5 i 
y«5<t5lC?B«-r«CtlCctU, A>J7JM£0S* 

1*2 3 £31 2 OA >J 71 2 5<b^Sttl*UO*C, ^OPbI 

ic«bi*iii\tei»2 4 ««wr«fi^tf cwh (*> 

U< t5Cilift^„ cfcoT.,E«2 4*±E 20 

0)cfc5lc«-(t>U<tt«ldA) T*tB/*U ±EIMMUi 
l2 1lc8<by'j3>I^fflt^<hLTt), E82 4* 

oi, *>ftufc«*<»KHftaai2 1 *iz&m 
[oo7i] *nnoff 20na*ascfltt>«fli 

2 0HSfcOJBffi£* S7<D^ilXgS(CctoTift^t- 

&£mm<D^&izi*m-tt^£tt^-tz> 0 

[0 0 7 2] BufE0 6O (1 ) % (2) IZ^-dTUWIs 30 
2 2 0rt8BIC»1 OA y 712 3*frUTIBJ&>S£*E 

tt 2 4«sA-r«. »^Tamtuui2 1 tiyf/t^ 
* lt; ±ew 1 oa 'J7I2 3 o±fljffionniMMt 

2 1 (CJ82 6 ^Jf^f^o 

[0 0 7 3] -t<0«. 0 7 iC^f ctPlC, ±E«2 6£ 
«»i&t^fc5lc*-D±BE»2 4 *±»flH«fcU 

j: p ic u-c imi&t*H 2 1 ±(c^ 2 oa y 71 2 7 * 

Mt^o COS2AU7i2 7lt igfMtfi^ 40 

tf 7 'J -;PX— 7=-;Ut0cfc 5ftfiBI«**«KTJBfli-r 

CO<fc?lCUT* S20AU7l2 7li±EJg10 
AIJ7H2 3&±EE«2 4CE>«V («■) TI^U^ 

[0 0 7 4] cfcot, ±E«1 OMBO»«<!:HI«OflF 

m$hmtfm*>tiz>o ctot, E*g2 4£±ie 

oriels <t>u twjbu ±espb1*6» 
12 1 iclM^y ^^ffli^iLT*), Si OA g 

7l2 3tS20A'J7H 7frEt82 4tf»lStl 50 



Tl^OT* Et£2 4f08J« fflX.tf-f * WbUfcfiW* 

■nttttiR2 1 *ic»»-r*ct(iai\. 

[0 0 7 5] »|C. *«WOS3 0Hii^;ilC«4D^|| 

-iiUt, gaEB4lC<fcoT8&WO/^8|f*S 
■OBJK&asftjRU Htj|eS4T^U7tS^g|Jp n nci:^fil 

[OO76]08O(1) ICS-T <fc 5 IC, **BttSffi 

«.-sa«) ^««ati. $e(cTiE*g> e*i 

/W->W»*ShT^«. *0<fc3&¥SWMMR± 
fdli, *tl&©*^ EflOT«;SdlUMM 1 iOTBjS;* 
fttl^*. -eottBIHI 1 ±fc, lMfettH2 1 «r7SJtt 
lT<5o C<DBPBltfeS»K2 1 (4, QlXi*7V-)VX.-T)V 

U<fi, 7^**»ai<tM^>ga>Sli:oaMl. ■ 
ft? U3>«, MSOGI, SiSOGlH 

-;U#0. 1 3MmttftJU»O^A>rx-C(i, <S0!«* 

[0 0 7 7] fO», -f»W(C*pe>tlTO^^->>;* 
(CctoT, llHfetkK2 1 iCHffi (JUT3l<tL/TKWr- 
*JBritUfe«. E»«2 20rtSlc351 OAU71 
2 3^ ffl^*5cfc£Kffl-<5j->(C^UTAg7tt*W^ 

*)v-Qmn£tz* a sic e»»2 2ortS(cai oa 

U7I2 3**UT«OS/-Kl«:?BBEUfc», mS?#> 

o#a*c.fcy* ESI2 2cortHP^am<* 

ffi) TS»iifc. *08L WiLtfCMPfCcty. HHI& 
8S2 1 ±0£#fcffl*5<fctf3fSl OA g 71 2 3£&5& 
L/Tx ESS3I 2 2 OrtgfllCgS 1 OA U7I2 3 UT 

[0 0 7 8] 'fctZ % 0 8O (2) [CTF-TctplC, ^FbI^ 
i!2 1 oafflctU *>E»2 4 0±ffl;Mft<&<5l\cfc5 
ICE«2 40±»0*«»tRM(cx y ^>^f ^, ±E 
Iyf>^l:J;oT, E*2 4 4JB1 OAIJ712 3t 

'foL. ±BM#3 0 nmiUTOlg^lC 

»icjb«-t *s 2 o/t g 7i u flj»*<^& 
<ttu. +#aAU7tt*w«-r*c < k«*H«cay, 

S£*OAy 7lO«jfii:H«IC«:orL*5>t«>T* 

[0 0 7 9] ;^CNT, 08O (3) lZ7r:T<t:?\Z. EJS 
2 4 0«®^«X.(iXAu/^x^5 1 >^ ! bU<(47K^^ 

x. ttjutx/i<y*v>4nzjk.v* E»2 4*tsa-r« 

«fc 5 fClPBl«»J3i 2 1 ±izm 2 Oy\' y 71 2 5 

±ES2(DAU7I2 514, ffl^fecfc^«>f*> 
rc«UTAg7tt**-r*«t^«:««<!:UT. ^Jxtf^ 
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[0 0 8 0] ttfe, 4^)RHlcmbil«:^aSi4- 
&l\fc#>ic, ±lfi*/^;/*x^>^fcU<li7kii;^ 
X^X^>/f#e>£S2<£Ay 712 3£"C 

tf>3in situ MSefrdC&jPBSlsli. 0X.f**/ty 
*X-/^>^|cd;y. 5nm-2 0nmigl7f>^ 

*;U«( J 2 0 n m-7 5 n m§SOI$ izmtitr* C <b 

a*as ui\> 2 o n mifearm-htffc/t y 7tt#»e>*i 
■u E»«tt#**<ftu atactica:*. 

[0 0 81] fO*. B 8 (0 ( 4 ) IC^-T cfc 5 (C. fflx. 
(f CM PlCcfcoT, BP*lft»B2 1 ±©M2<0AiJ7« 

2 5 4f^*-r^ 0 c©e»* semis 2 2rticfBi <o/Vy 

7S2.3i:S2^'J7l2 5(!:^ iEJgg 2 4 G>±flJ8U 
TiaU^t, i282 4$Sl/tU7l2 3«i:S2© 

au7»2 5<tT«««flia*3Bar*. coctst 20 

«ntfettH2 1 ±<Dff5 2 ©A y 71 2 5^St^C(S: 

[0082] -eco&, afiiu^iN^ Huie^ 1 <Dm& 

-tStk£.Wm\Z % S20AU712 5fe«ktXMntftttK2 

1 ±(cHraift»jS3 1 ***r*. Jir B i*fe^M3 1 1* % 

£<> 30 
[0 0 8 3] ftfc, ±EM 2 ©A U 71 2 5 4, b5|B3S 
1 ©B»**TMW UJfcBflsS/ 'J 3 >Bt, JicJMbv' y =i 

[0 0 8 4] ±iE*3 0BJl*atfcl\T. 0^ 

ttUftl^ ±IEJfeSRl 1 ©»f3t(cttBrc*«?Lfc<fe 

# r T*»a(CcfcUE»2 4*»«r*»*ictt, ±iet& 
mi i ow^(DfflB(c^3.7;u^v^>>Sfcj:ygiBj 40 

[0 0 8 5] ±EH 8 IC cto tKW Ut* 2 OIHAS 
•Vits E«»2 2©rtS(cMl ©Ay7»2 3*^UT 

£lt, Bntea«2 1 osbj:ue«R2 4o±m^(s 

<U *<D*. Ei|g2 4^±gP«iJ4Sp<h<ht)(CgS|g2 
4 (Om^-Cm 1 ©AU712 3 t«<cy$oTEIB2 4 
«S1 AU712 3titf:15«2(DAiJ7»2 5* 50 



JBric-rSCt^6. E»2 4(iMl <DAy7»2 3£M 

2(0A'j7B2 5<trccfcy»«sn*_j:5ica-5. 

[0 0 8 6] t<DtcL#). 2 4 h U***M 1 <DA 
y 71 2 3 fccfctXag 2 <DA y 71 2 5 [CfiQ*. 6>*IT*k 
351 OAU712 3iS2©/t'J7l2 5t««lft0* 

^TUftcticjcy* fct*., <£5&a>©/ty7B*«r 

2 3t«20AU7i2 5 £<0ttftll#«*:ft3. ffc*) 
*k S1 OAU712 3«kS2 0A'J7B2 5<t*ia 

y ^ ? £ e> icraA-r a c t (Cct y , a y 7Bn3tt>B« 

12 3&ff2 4>/*iJ 712 5 4#ihftl^©"C, ^COPbI 
CBB^HI^TE|I2 4«WS a r«fl^Slc1Ht (*> 

Ocfcpic^ («>L<(iffl$&) TJB/EU ±1E«Pb1«» 

Oil. MAtf-f *>ftUfc«#BBtt«W2 1 *(C&Ift 

[0 0 8 7] *3BW©¥W*KB(C«t>*S5© 
MtoDJBtt&UT, B9lc«-r«fc?tt«Uli:-r*Ctt) 
RTB-Cft*. *tl*JaTICKBf*. 

[0 0 8 8] i9 {C^-Tcfc 5 fc/ ¥««Sl(0-SCi 
flc-r^BP B 1t6»K2 1 lc(4IH]gp (JUT, |EtKIt£ l/Tlft 
W«) 2 2^«$nTl^, C£)ge$g>S2 2(Cf*. 
M 1 ©A 'J 71 2 3 *:frOTEtt 2 4 **±IBBHfeiHR 

2 1 o±Hj:ysea-rs«<BicjBj5RaE*iTi\-5, u#t> 

Ml 0/XU7B2 3tt, E»il2 2 4>AB0>BBtMHl 
2 1 ±IC*>ff2lS£tlTO£o ZL<b&olZ&l£?Z\Zl*s 
CMPTM1 OAU712 3±!CJ«»StlTl^E»* 

imxam) *B*ufc», t\*> 

cfcy. M1 OAU 712 3$/^-z>m^« 
±EM1 OAU712 3(4, MBT-ficfctffl 
-f*>i:»UTAU7««««k5att»tLT, ffil 

a limit *>*)\s*>is<n*>* jwvmtfL ^nti^o 

±EE«2 4(1 «AtfMt>U<(iffl^*T?Bflt$tlT 

[0 0 8 9] $6 ic±ee» 2 4 *±an««fc y *sa^-^ 
M 2 (D/t y 71 2 5 a*. ±iesg 1 <d/k y 71 2 3 £±ie 
e« 2 4 odds (ffly®) -r«au*5«Bic«KisnT 

U*/c©*2'/tU7i2 5ll SIR?fc«tt«H-f*> 
(C*fUTAy7tt**-r*cfcptt«»<!:lxT. WittfB 
<tv 'J 13 >TM$tltl^, dO<fc5ICUT/E»2 
4I4M1 OAIJ.7B2 3 £§f*2CD/Sy 71 2 5^lCct^ 

[0 0 9 0] ±£M5<&HS6<D»2ffiT**K mllBitt^Ufc 

Mi flowfi*«tH«©«Hiia«»6na. 

[0 0 9 1 ] ±E#«JS0>»IBTKWL/fcMl ©AU 7 
12 3 <hM2(DAy 712 5 *> U < (4M 2 OD/S' U 71 2 
7iOE»BrfflOtB^fiJIcte^B«:yeii. m^CDrt 
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■J 7H 2 3 <Dlii$!l 2 4 COffiiJ® *> U < liiEI&S 2 2 £M»M 
TcDI¥£<hl^fIgt;Lh#!fcgT3&3, fcfc'U i*4 5 

[0 0 9 2] ±!5#HSS©^^TiSiW UfcS 1 ©A 'J 7 
H 2 3*5<fctfm2a>A'J7Jf 2 5 *> L< liSS 2 (DA'J 7 
12 711 T : zL7^yv->>miilCfciSfflt--5Ci^Pl 

[0 0 9 3] ±IE#HSSODJf$g|-CiaW Ufc«fig* 

[0 0 9 4] 

MlC<fctllf. ^1 (DAUTHlC.fcyiE^OTgPA^M^ 
tl. lg2<DA'JTeiC«tyiEJg(D±gP«'JA<«a$tl. IB 
1 ©AU7/l££2<DAy7JI<t#fi/<£y&oTl\.5ro 
T'. lESHO;*. hl/7#Sl <DAiJ7lifc=fctfff?2©AiJ 

/t<tUT*>, Si <DA'J7H<hlfS2(DAU7H<h;0Wi3 
■T-SCt ?SfCif?1 <£>A',l7lf <hJfS2<£>Ay7lI 
i-Cie^!*»M-r-5c<hA«T'^^„ totztb, EtfttfM 

[0095] izmt>z>m 1 w^^^gwisjt^ 
isu^tis^s i A'j7g<tch i t)icae)S2©/\* 

U7I^«t4©T> SlOAiJ7i(!:S2©AU7 
«<hlc«£yiElS£^:£lctt^r-5C<fc#T#-5„ ^-©^ 

ieiiw^ h u^ffw. i oa y 7Bte«fctfm 2 cda y 
thicspx e>nr. e% e>a>cDA y lt 

*k Sfcy^oTU-SSfltf-CSf! 1 ©Ay7JB<t33 2<Z>A 
y 7Jl<tO!gfi4£<S^C<h;0<T;*-5O-C\ EiiSg£gft>U 

y-^m;7ii<D^^aix.^. E*g«sittro^ot)0 

[0 0 9 6] *3§WlC<£;b33fl 2 <D#iS<*£M©iJ!ii;fr 
iifCfctlH ^J|t^lcff5fiELfciaa5F*3<Dlg1 ©A'J7B 

A "J 7 Jl <h y £ o Tffi|££ ffS 1 A y 7 Jl £ £: *> IC» 

5^2©Aij7i*Mn©T, mi ©/\'y7H<tm 



2 (DA 'J 7J1 <!: lc«fc y iE»*^±lCtSjgir-5C 

•5. -£-«D7t«K gE^<75X hU^^mi <DA'J7)lteJ:0: 

sg 2 <da y 7JHcaq* e>tit, at e>#-><DA y 7Ji#-r 
n£<fcLTfc. fifcy^xus^ttTifi 1 coAy7it 

£t&2OAU7JI<hroigte£«OC£;0<T#3©T\ B5 

-h©fg£. y-^m3S<DH*^ffl>x.Ac. iejg«?sttro 

10 [0 0 9 7] |C&*>-51B 3 ©¥«<*£iB©Mjt* 

g|5TSl ©A 'J 7iiI/<£iJ^oTE^Sl AU7H 
££<blzm.O&2<D;1iJ7mZBl1Z-tZ><DT\ Si CDA 

y 7)i <ts 2 u 7^<t iccb y mmz^izi&mT & 

20 -C^^>. «fcoT\ iE^PeKDva- hco^. y-^S3S 
[0S<OffiW«£3iW] 

[0 1 ] *^WW#S#^lc^t>-5Sl <DHSS<Dff;:fg 

*^-r«iBis«fisaiTffiEi-cS)-5 <> 
[0 2] *%wn*mto%im\z&ioz>Wi2<n>nmv>mm 

[0 3 ] *%W<D#3«:Sieizfet)-5S 3 <D2lSfc<DJf$fig 

30 [@4j *&M<D*mi*mmizmt>z>m4<Dnm<DBm 
m 5 ] *§gw<Difi 1 <dhs5& izmt>z>nm<DBmz 

[0 6 ] *^W(7)S 2 (Di^7>;£ IC&to-SS 1 CDHSS<D 
[0 7 ] *¥£M<Dm 2 <D^it*;ilC^*3-5S 2 (DflJfccD 
[0 8] *^WroS3<Di|jt*;ilC^-5lllSg©Jf5g§^ 

40 [@9] *mM<o*m#-mm{z&t>zm5<Dnm<DBm 

[0 1 0] ee3RcD^V->>;SIC«J;-5E^<DJf5fiE^j£^i5i 
Wt--51iitX*i0-Cfe-S o 

[^^rotfiW] 

2 1 ■■■mmt&mm. 2 2 -eagu (EigjS) . 2 3-11 
©a y 7^, 2 4 -eis. 2 5 -m 2 ©a y 7i 
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[08] 




5F033 HH11 HH12 HH21 HH22 HH32 
JJ11 JJ12 JJ21 JJ22 JJ32 • 
MM01 MM02 MM05 MM11 MM12 
MM13 MM15 NN06 NN07 PP27 
QQ09 QQ12 QQ14 QQ19 QQ48 
QQ94 QQ98 RR01 RR04 RR05 
RR09 RR11 RR21 RR24 RR25 
SS01 SS02 SS08 SS11 SS22 
TT02 TT04 XXI 2 XX28 



(72) mwm mm mm f*-a(#%) 

m»SPD D B iHE4tffiJII 6J| 7S35^ V- 

(72)%w# tea s- 

mmspsa;iiE^ta D a jii6Ti 7#35^ v- 



